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Carcinoid tissue is argyrophyllic by staining techn Ques. Adrenal tissue of 
rats, which is also argyrophyllic, has been shown to take up the highest pei 
centage per gram of tissue of intravenously administered radiosilver. For 
diagnostic and possibly later the apeutie PUrposes, radioactive silver was qaiven 
intravenously to a patient with functioning malignant ca cinoid, after ineuba 
tion with his own blood. The carcinoid tissue showed a loi iptake, but the 
metabolic pathways of radiosilver in man are being repo ted. It was at first 
mostly associated with the red blood cell, probably because of the incubation, 
and in the plasma with the globulin fraction. The radiosilver was rapidly 
removed from the blood, apparently by the liver. At postmortem, it was found 
mainly in the liver and skin, but because of its relative weight the highest 
accumulation was in the skin. Excretion of the radiosilver was principally in 
the feces, presumably via the bile into the gastrointestinal tract. <A slight 
amount of radioactive silver was excreted in the urine, probably as a function 


of plasma concentration. 


| iS well known that carcinoid tissue is argyrophyllie by staining techniques. 
e possibility that this type of tumor might differentially accumulate radio- 


ac ve silver prompted its use as a tracer, and indicated the possible later use 
ol eta emitting silver for therapeutic purposes. The difference between in 
Vit.) staining and in vivo concentration was fully appreciated, but in Seott and 
; rom the Radioisotope and Medical Services of the Veterans Administration Hospital, 
: Howard Division, and the Departments of Physiological Chemistry and Medicine, The 


Hopkins School of Medicine, Baltimore, Md. 
‘eceived for publication Oct. 19, 1959. 
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Hamilton’s! study of rats the adrenal glands, which are also highly argyro 
phyllie by in vitro staining, took up the highest percentage per gram of tissue 
when earrier-free radiosilver was elven intravenously. West and (ioldie noted 
that the major portion of insoluble silver!!! oxide, when injected subeutaneously 
in the vicinity, was taken up by malignant tumors of mice. Although the re- 
sults showed little accumulation of silver in our patient with functioning 
malignant eareinoid, the metabolic pathways of silver in man by use of in 
travenous radiosilver as a tracer have, to our knowledge, not been reported. 

The use of radioactive silver as a traeer in animals has not been extensive. 
Scott and Ilamilton studied the distribution of soluble radiosilver in various 
tissues of the rat. West and co-workers! noted that radioactive silver'™? eon 
centrated in areas of infeetion in rats. 

For initial tracer use, silver'’® was selected beeause of its gamma emission 
and half-life of 8.2 days, and was available with other radiosilvers admixed. 


The longer-lived isotopes proved very useful for postmortem studies. 


METILODS 


\pproximately 43 ye eyelotron produced radioactive silver that contained less than 
0.1 mg. of carrier silver was used. From deeay measurements and the supplier’s informa 
tion, the aetivity was ealeulated as distributed among the silver isotopes as follows: 15 mw 
Agios, 40 day half-life; 15 we Agios, 8 day half-life; 5 we Agiiem, 270 day half life; and 
S we Agi, 7.5 day half-life. The silver was transferred to a silicone coated bottle that 
contained 10 ml. acid citrate dextrose solution to which 45 ml. of the patient’s blood had beer 
added. This was shaken gently during incubation at room temperature for 30 minutes, after 


which 50 ml. was given intravenously to the patient. 


Heparinized blood samples were obtained at frequent intervals during the first day, an 
variously for the next 3 weeks. Whole blood and plasma samples were compared in a 
scintillation well counter to appropriate standards, Pooled plasma was separated with 2 
and 50 per cent ammonium sulfate solution into fibrinogen, globulin, and albumin fractions 
and the radioactivity was counted. Frequent external counts over the heart, head, liver, 
spleen, adrenals, abdomen, sacrum, feet, and contralateral control areas were performed wit 
«a collimated scintillation counter during the first day, and at frequent intervals for the next 
3% months. Twenty-four hour stool and urine collections were made for the first 3 days 
periodically during the next 3 weeks, and the radioactivity was compared with a standar 
The patient died after 195 days and postmortem tissue specimens were taken from availal 
organs. The tissues were weighed, digested with concentrated nitrie acid, treated with isoam) 
aleohol or 2:1 aleohol-ether to remove fat, dissolved in 1,4-dioxane, and the radioaetivit 


was determined in a scintillation well counter. 


RESULTS 

Blood Transport.—Table I shows the percentage of radioactive silver p 
100 ml. whole blood and plasma at various intervals after the injection. At t 
time of first blood sampling, 7 minutes after injection, only 0.74 per cent of t 
injected dose per 100 ml. of blood remained. At an assumed blood volume 
7 per cent of body weight (58 kilograms), this represents approximately 30 | 
cent of the injected dose in the circulation. At 2 hours 10 per cent remain: d 
and at one day 2 per cent, continuing at approximately this level for at le: st 
20 days. During the first few days, the per cent of radioactive silver was hig! 
in whole blood than plasma and by ealeulation, a larger proportion was attach 
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TABLE I. RADIOACTIVE SILVER IN WHOLE BLOOD, PLASMA, AND RED BLOOD CELLS 


> OF DOSE PER LOO ML, 


TIMI WHOLE BLOOD PLASMA 
7 min. 0.74 0.46 
20) min. 0.57 0.39 
30) min. 0.49 0.33 
$0) =min. 0.438 0.32 
50) min. 0.40 0.23 
l be. O.35 0.93 
14 hr. 0.29 0.15 
2 hg. 0.22 0.11 
o hr. 0.16 0.081 
4 hr. 0.13 0.067 
5 hr. 0.10 0.068 
6 hr. 0.090 0.056 
7 hr. 0.08] 0.053 
1 day 0.051 0.040 
2 day 0.046 0.039 
3 day 0.043 0.040 
6 day 0.043 0.046 
8 day 0.046 0.043 
13 dav 0.046 0.031 
0 dav 0.035 0.041 


to the red blood cells than was transported in the plasma. The total reeovery 


or 


? 
} 


1) 
} 


the various fractions of the pooled plasma represents S7 per cent of the 


iginal pooled plasma counts; 77 per cent of the radioactive silver in the 


asma is earried in the globulin fraction, 15 per cent in the albumin, and 8 
er cent in the fibrinogen fractions. 


Evrternal Counting. Countine rates obtained over various areas ot the 


“ly, corrected for physieal decay, were plotted logarithmically against time. 


rv the liver, Fig. 1, this resulted in a straight line representing a biologie 
cay of 48 day half-life. The curves, Figs. 2, 3, and 4, obtained by counting 
’ other areas, however, eould be resolved into two exponential decay com- 
nents. The short half-life components were obtained by subtracting the 
rapolated 48 day half-life values from the corresponding values of the 
erimental eurve. The short half-life decay components had half-lives of 
roximately 3156 days. Comparison of the extrapolated zero-time values of 

two components shows the short half-life component to be approximately 
er cent of total activity over the chest (Fig. 2), 40 per cent over the saerum 
3), and a maximum 50 per cent over the heart (Fig. 4 


TABLE If. RADIOACTIVE SILVER IN STOOL AND URINI 


Cr OF DOSE 
DAY STOOL" URINE 
0-1] 28 0.29 
1-2 2.9 0.11 
2-3 1.8 0.07 
3-6 8 (1.3t) 0.15 (0.05+) 
7-8 12 0.07 
12-13 0.49 0.03 
20-2] 1.33 0.04 


ncludes colostomy collection. 
Mean average per day. 
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Excretion.—Table IL shows that elimination of radiosilver from the body 
is mainly via the feces. Exeept for the first 2 days with a slightly higher rate, 
there seems to be a comparatively constant rate of excretion. Urinary exeretion 
umounted to only D per cent of the feeal exeretion. When the per cent of silver 
in the plasma, Table I, is compared with the urinary exeretion, Table LI, it 
appears that the urinary excretion is a direct function of the plasma content 
of silver. 


TABLE III. RADIOACTIVE SILVER IN TISSUES* 


ORGAN C.P.M./GM. ORGAN C.P.M./GM. 
Live 70.0 Prostate 3.4 
Skin 37.7 Heart a 
Kidney, left 10.0 Stomach 0) 
Brain 9.2 Rib 3.5 
Kidney, right 1.0 lleum 2.2 
Lymph node, abdominal 0.6 Carcinoid, liver (metastativ 1.5 
Adrenal gland 5.5 Lung 1.4 
Carcinoid, ileum (primary a Muscle 1.0 
Testis 5.0 Spleen 0.7 
Aorta t.1 Thyroid 0.0 
Panereas t.0 Aseitie thuid 0.0 
Urinary bladder 3.8 

*Postmortem, 195 days after injection of 43 


‘ 
“uc. 


Postmortem Findings.—Table IL shows the relative content of radiosilver 
in the various organs at postmortem examination, in counts per minute per 
gram of tissue. The highest aeeumulation was found in the liver. The 
metastatic eareinoid tissue within the liver showed extremely low counts, even 
lower than in the primary tumor. Other organs that contained significant 
amounts of silver were the skin, brain, and kidneys. 


DISCUSSION 


In our experiment the total amount of carrier silver was below 0.1 me.. 
or 0.002 me. per kilogram of man, and the behavior should therefore correspond 
closely with that of earrier-free radiosilver administration used by Seott and 
Hamilton*® in the rat. The rapid removal of radioactive silver from the blood 
is consistent with their findings of 86 per cent radiosilver in the liver of the 
rat 5 minutes after intravenous injection. The radiosilver associated with thi 
red blood cell is much higher in our studies with a human, but our method in 
eluded ineubation with the blood for 30 minutes. The proportions found | 
the plasma grossly correspond to their values; 85 per cent against their SO pr 
eent in the globulin and fibrinogen fractions, and 15 per cent against their 2! 
per cent for the albumin fraction. 

A possible explanation for the short half-life component of biologie deci 
found by external counting is that it represents silver bound to the red bloo 
cells. It is thus greatest in the heart, and the red blood cells, in the ea 


‘ 


phase, show greater specifie activity than the plasma. The long half-life cor 
ponent of biologic decay is seen principally in the liver, which is probab 


the main site of long-term storage, as well as the excretory organ. 








| 





METABOLISM OF RADIOACTIVE SILVER DOD 


In view of the high external counts over the liver, and later postmortem 
findings, it would appear that radiosilver is passed into the gastrointestinal 
tract via the bile, and later exereted in the stools. In our studies, the rate ot 
exeretion Was rather slow, occurring over a jy riod ot weeks, as compared 10 
the animal studies. where 94 per cent was ¢ xereted in 4 day Ss. 

rom the postmortem studies, it is obvious that the radiosilver was retained 
n the body for a lone period of time, chiefly in the liver and. skin. It is 
Interesting that the clinical svndrome of argvria’ is due to deposition of ab- 
sorbed silver in the skin, and the skin contained the second highest amount per 
eram of tissue, and because of its relative weight, the highest aceumulation. 

The lack of high activity of silver in the eareinoid tissue was disappointing. 
The lower counts in the metastatic carcinoid of the liver than in the primary 
tumor mas he due to more HeCLOSIS, or the PrONTMATA of the liver as the ehiet 


excretory organ 
SUMMARY 


|. Radioactive silver, after ineubation with his own blood, was given in 

travenously to a patient with functioning malignant carcinoid, 

2. The radiosilver was at first mostly associated with the red blood cell, 
robably beeause of the ineubation, and in the plasma with the globulin 
aetion. 

>. The radiosilver Was rapidly removed from the blood apparently by the 
er with a biologie half-time of 48 days. At postmortem, it was found mainiv 
the liver and skin in the approximate ratio of two to one per gram of tissue, 
because of its relative weight, the highest aeeumulation was in the skin. The 

remoid tissue showed a low amount of silver. 
t. Kxeretion of the radiosilver was prineipally in the feces, presumably 
the bile into the gastrointestinal tract, oecurring slowly and almost at a 
ustant rate over a lone period of time. <A slight amount of radio-silver was 
ereted in the urine, probably as a funetion of plasma concentration. 
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CATECHOLAMINES IN PATIENTS WITH PHEOCHROMOCYTOMA 
Jesse L. BoLLMAN, M.D., Eunice V. Fiocx, Pu.D., Grace M. Roru, Pu.D., ANb 
WALTER FF. KvaALe, M.D. 

ROCHESTER, MINN. 


With THE TECHNICAL ASSISTANCE OF JAUNEITA OGG 


The concentration and total amount of one Oo} both catecholamines, 
epinephrine, and norepinephrine, is usually greatly inereased in pheochromo 
cutomas 0 that n the ad enal gland. Th ‘7 concentration i i ie and 
plasma oT pat ents with pheow hromocytoma is increascd also, « ther continuously 
oO intermittently, because of re lase from the tumors. Quantitative and q ali 


tative tests for urinary catecholamines based on oxidation to fluorescent produc ts 


by alkaline ferricyanide cre compared. The elative simplicity of the Ilinagerty 
i 


qualitat ( test for free catecholamines was found to be useful as a screening 
test for 24 ho Specimens of urine when the tumor was activelu secreting 
catecholamincs. The quant tative test as used by Sobel and Henry provided 

ther information on the total amount of catecholamines in hudroluzed urine 
Rigid exclusion of medication with salicylates and oth drugs that also produce 
fluorescence was essential for all tests. Veasurements of the conecntration of 


plasma catecholamines by the method of Weil-Malherbe and Bone were useful, 


n whe nthe u ne tests aqave pos five results. When the tumo was very small 
oO was not actively seercting catecholamines, the only pos tive chemical test for 
phe ochromocutoma as obtained in blood drawn during a spontane ous attach of 
pa oxrysmal h ypertension, oO during an attack pro oked by injicetion of histamine. 


_, Pama of catecholamines in the adrenal medulla, which began over a cen 
tury ago with the observation of Vulpian' of a rose-red color in extracts ot 
this tissue, led to the isolation of crystalline epinephrine from the adrenal in 
1901 by Takamine. Evidence gradually accumulated that epinephrine was 
stored in large amounts in pheochromocytomas. Rabin,® in 1929, examined a 
pheochromocytoma found at necropsy by the method of Folin, Cannon, and 
Dennis and found much more epinephrine than is found in normal adrenal 
glands. Crystalline epinephrine was isolated from such a tumor for the first 
time in 1936 by Kendall. Crystalline epinephrine was subsequently isolated 
from a series of these tumors in his laboratory in quantities per gram (Table | 
which equaled or exceeded those whieh were isolated as a by-product from the 
beef adrenal glands’ which were extracted primarily for cortical steroids. 

By 1949, it was apparent that small amounts of norepinephrine wer 
present in the adrenal gland in addition to the larger amounts of epinephrine.‘ 
Bergstrém and associates® isolated norepinephrine from the adrenal medulla 

From the sections of Biochemistry, Physiology, and Medicine, Mayo Clinic and May: 
Foundation, Rochester, Minn. 

Received for publication Sept. 17, 1959. 
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Tullar® isolated norepinephrine from U. S. P. epinephrine and showed that 
norepinephrine made up 10 to 25 per eent of the mixed erystals. In 1949, 
Holton’? and Goldenberg and co-workers" demonstrated larger amounts of nor- 
epinephrine in pheoechromoeytomas than in the adrenal gland. In 1950, we 
examined by paper chromatography the crystalline material whieh Kendall had 
isolated earlier from three pheochromocytomas and found that 10, 20, and 80 
per cent of the catecholamines, respectively, were norepinephrine. 

The relative proportion of the two principal catecholamines in pheochromo- 
evtomas varies greatly as does the total amount of the eatecholamines, but in 
many of the pheochromocytoms, norepinephrine is more abundant than epineph- 
rine.’ **) Reeently the preeursor of these catecholamines, 3-hydroxytyramine, 
was found in a few of these tumors’ and dihvdroxyphenylalanine in one.’ 
Small amounts of the metabolite, methoxynorepinephrine, also have been found."® 

The continuous or intermittent release of epinephrine and norepinephrine 
from these tumors produces sustained or paroxysmal hypertension. Deteetion of 
increased amounts of these catecholamines in blood is helpful in establishing 
the diagnosis of hypertension due to a pheochromoeytoma.’? Manger and eo- 
workers'’® measured the coneentration of catecholamines in the blood of 13° pa- 
tients who had positive pharmacologic tests for pheochromoeyvtoma and were 
subsequent, proved to have pheochromoeytomas High values of epinephrine 
like substances from 4.2 to 17.7 ne per liter of plasma were found in 9 patients 
who had sustained hypertension, and in 2 of the 4 patients with paroxysmal 
hypertension. The average concentration in 11 normal subjects was 2.4 ne, and 
In 25 patients without pheoechromoeyvtomas, the concentrations were not greater 
than 3.1 ne per liter of plasma. 

Increased amounts of catecholamines are exereted in the urine by patients 
with pheochromoeytomas.'S Even larger amounts of the metabolites 3-methoxy- 
t-hydroxymandelie acid’? and the methoxy derivatives of epinephrine and _ nor- 

pinephrine®® have been found in the urine. Studies of the urine, therefore, are 
seful in making the diagnosis. 

We wish to report our experience with the measurement of catecholamines 

| blood and urine as tests for pheochromoeytoma. We also have measured the 


itecholamines in 54 of the 56 pheoehromoeyvtomas from 48 patients. 


METHODS 
Plasma Pressor Amines.—The pressor amines, or catecholamines, were determined by 
method of Weil-Malherbe and Bone.21 The specimens of blood were promptly mixed 


a sodium fluoride—-sodium thiosulfate solution and centrifuged. The pressor amines ot 


plasma were adsorbed on an alumina (Merck’s or Aleoa) column, eluted, and condensed 
ethylenediamine. The fluorescence was measured in a modified Pfaltz-Bauer fluorometer 


{ compared with that of an epinephrine standard which had been added to plasma from 


rmal dog and run through a column before condensation with ethylenediamine. At 


rvals during this study, the fluorescence of epinephrine which was added to blood and 


ried through the entire procedure was compared with the fluorescence of epinephrine 
‘dd to acetic acid just before the reaction with ethylenediamine. The mean recovery 
38 tests was 99.5 per cent with a standard deviation of 11.0. The concentration of 


cholamines was expressed in micrograms of epinephrine-like substance per liter of 
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plasma. At the wavelengths used for activation $36 mp) and measurement of fluorescence 
d78 mp), norepinephrine eontributed only 30 per cent as much fluorescence as did ep 


nephrine, 
Corning filters 3389 and o1138 were used for the ineident light and filters j450 4 


1303 for the fluorescent light. 


Measurements of the individual eatecholamines by the chen eal method requir 
additional time and larger samples of blood. Such measurements are not esse ntial for 
have been omitted. 


diagnosis of pl eochromocytoma and 


l inary Cat cholamines. 


Quantitative tests: Twenty-four hour specimens if urine were in | 
which contained 15 ml. of 6N acetic acid The eatecholamines were determi ed by 
method of von Euler and Floding, as used by Sobel and Henry.?4 \liquots of ur 
of 20 ml, each, were hydrolyzed with ILSO, at a pil of less than 2, and the catecholamn 
were adsorbed on alumina which had heen washed with acid and dried at ( 
described by Weil-Malherbe and Bone. 

The eatecholamines were eluted with O.2N acetic acid ind oxidized potassiun 
ferricyanide at pH 6.5. At this pli equal amounts of epinephi ne and norepinephri 
produced approximately equal amounts of fluorescence. his was measured in the Amun 
Bowman spectrophototluorometer, The ingestion of many drugs may interfere with this 
method if they or their products produce fluorescence under the conditions used, Crout ar 
Sjoerdsma found that after ingestion of three bananas, Ww! contain norepinephrine 
the urine contains hydrolyzabl conjugates as great as may be found in the presence of 
pheochromocytoma. The quantitative test for total eatecholamines ‘ beeame unrelia 
whereas the qualitative test for fre catecholamines is still usefu 

Qualitative tests: Ten per cent of the 24 hour output of urime as used wit 
acid hydrolysis in thi qualitative test. The eatecholamines wert adsorbed on alumina, elute 
and oxidized with potassium fert eyanide as deseribed by Hingerty. For a standar 
norepinephrine was added to a similar volume of normal urine, and this was treated 
«4 similar manner. The fluorescence of each unknown was compared visually w that of t 
standard under an ultraviolet lamp. Speemmens of urine which developed more fluorescen 


than the standard were eousidered positive for catecholamines and were used for furt 


quantitative studies. This qualitative test eannot be used if the patient has) imges 
aspirin or other salievlates, since these substances produce a | lue fluorescence which « 
the green fluorescence of the eatecholamines. The ferric el loride tes 


pletely obseures 
for salievlates is useful for exeluding urines which contain salicylates from the qualitat 


tests 

Vetabolites of Catecholamines in l w.—We measured the 3-methoxy-4-hydroxymana 
acid in the urine by the paper cl romatographie technique of Armstrong and associates. 
\liquots of urine were acidified with 3N HCl to a pil of 0.5 to 1.5. Aromatie acids 
extracted into 2 volumes and then in 1 volume of ethyl acetate. The extract was dr 
in air and dissolved in a small amount of absolute alcohol. Aliquots of the extra 
corresponding to 1.0 mg. or 0.1 mg. creatinine were applied to 12 


a 


by 12 uch sheets ¢ 


Whatman No. 1 filter paper with standard amounts 5 10 £5, and 2 


methoxy-4-hydroxymandelie acid at 1 inch intervals beginning 4 inches above the unknow 
The sheets were developed in isopropyl alcohol NH,OH—water (80:2:15 ind benz 
propionic acid 100:70:5) and sprayed with diazotized p-nitroaniline. Estimations wt 
made visually by comparison with the standard spots. 

The methoxy derivatives of epinephrine or norepinephrine in the urine were measul! 


The urine was incubated with beta-glucuronida 


by the method of Axelrod and associates.°9 


the methoxy compounds were extracted into ethylene dichloride which contained > per et 
of t 


aleohol and then from the organic phase into 0.IN HCl. The fluorescence 


isoamyl 
Aminco-Bowman spect 


combined metanephrine and normetanephrine was measured in an 


photofluorometer. 
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Catecholamines n Pheochromocutomas. 


Pa; chromatography: The tumors, which had been frozen in powdered dry ice 
mediately after removal, were crushed between chilled steel blocks. Samples, usually 
approximately 7 grams each, were extracted overnight in 5 volumes of 95 per cent 
hanol which contained 100 mg. of sodium bisulfite and 0.1 ml. of glacial acetie acid, as recom 
nended by BE. C. Kendall. The extracts were filtered with suetion and the residue was washed 
vith etl anol, \l q iots of the extracts were dried n acuwo, a ssolved in aeid aleohol l part 


of coneentrated TLC] diluted to 100 ml. witl ethivl aleohol), and pipetted on strips or sheets 


Whatman No. 4 or 3-MM., filter paper. The chromatograms were developed, usually 
overnight, either by ascent or descent in 75 per cent phenol in a jar which contained a beaker 


15 per cent sodium bisulfite, or in a 4:1:5 mixture of butanol—acetie acid-water. After 


rving, the papers were sprayed with the potassium ferricyanide reagent of James.20 
parison of the size and density of the pink color in the unknowns with those of standard 
its of epinephrine and norepinephrine run on the same sheet made it possible to 
stimate the amount of these catecholamines in the tumors. Observation of the fluorescent 
roducts, produced either by spraying the sheets with ferricyanide or ethylenediamine and 
yrs in ultraviolet light, was particularly helpful in the detection of 8-hydroxytyramine 
, S 

lhe t x} pounds in pheochromoeyvtomas were extracted and = separated on 
per chromatograms by the method of Sjoerdsma and = co-workers,!6 and the blue bands 


appeared when the strips were sprayed with N,2,6-trichloro-p-quinoneimine and borate 


Yer were compared with standards run on parallel strips. In other experiments, aliquots 
the aleoholie extracts used for catecholamines were taken to dryness in vacuo at 37° C.,, 


dissolved in the borate buffer, extracted with butanol and, after the addition of 


eptane, extracted into O.ON TIC] as in Sjoerdsma’s method. The methoxy compounds were 


eparated on paper chromatograms usually i isopropanol and 5S per eent NH 8:2 and 
1 wit O.1N HCl after location by comparison with guide strips which were spraved 
\rmstrong’s diazotized p-nitroaniline reagent. This reagent was then added to the 
d methoxy compounds, and the optical density of each was measured in a Beckman 

}? ‘ I i 10 mu 


Chemical techi Ques: The method of Weil-Malherbe and Bone21 for measurement of 


te olamines was used for some of the pheochromoeytomas as in the earlier series of 
Manger and co-workers.) The thuorescenee of total epinephrine like substances was measured 
e modified Pfaltz-Bauer fluorometer, and of the individual catecholamines in the 

\n o-Bowman spectrophototluorometer. More recently, the tumors have been analyzed 


he method of Sobel and Henry. 


RESULTS 
Pheochromocytomas.—The tumors varied greatly in size, in total content 
eatecholamines, and in the relative pereentage of epinephrine and nor- 
inephrine. The eoncentration of both eatecholamines together varied from 


» to 17.5 mg. per gram of tumor in patients with paroxysmal hypertension, 


d norepinephrine accounted for 50 per cent or more of the catecholamines 
16 of the 32 tumors from these 29 patients (Tables I to I] 

In the tumors from patients with sustained hypertension, the concentration 
catecholamines varied from 0.5 to 8.4 mg. per gram of tumor. There was 
exception in Patient 39 with metastatie lesions which oceurred 2 vears after 
first pheochromoeytoma was removed and which contained no eatecholamines 
er surgieal removal. Fifty per cent or more of the catecholamines was nor- 
nephrine in 20 of the 22 tumors so studied. <All but 5 of the total of 54 
mors which were analyzed were found within the adrenal. The weight of the 
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tumors varied from 1.2 to 700 grams, and the total amount of catecholamines 
found varied from 8.9 to 5200 mg. except for the metastatic lesion just 
deseribed. The different tumors contained varying amounts of stroma with 
neerosis and were not always uniform throughout the entire structure. The 
concentrations shown, therefore, represent average values for the total tumors. 
Representative samples of the larger tumors and the major portion of the 


smaller tumors were analyzed 


TABLE I. CATECHOLAMINES IN TUMORS OF PATIENTS WITH PHEOCHROMOCYTOMAS: 
EARLY STUDIES 


ruMoO 
CATECHOLAMINES 
NOREPINEPH- 
PATIE> AND YP! AGI WEIGHT RINI 
OF HYPERTENSIO> ? EN (iM. MG./GM.? ( OF TOTAI 
1P +] | 198 1.14 IZ 
2 PF yo M 70 1.03 20 
~~ ?1 2 50 ] St) 
ts 18 M 250 ,.8 67 
S 21 M 23 ou 100 
5 P D2 I 12 6.2 =0 
6S tS i 6 6.9 72 
78s 20 I 15 3 95 
8 S 17 M a0 6.0 J 
y pP 6 ia 7 14.0 0 
1O P ‘8 io ») | 
ll S 1S 2 36 6.0 0 
r st) yt) 
12S 98 Ie 393 6.0 3 
105 7.0 71 
l |? 6 M 72 15.0 66 
28 15.0 66 
5 17.5 13 
14 P 18 M 15 3.1 29 
lb Pp 16 ik DTD 9.0 SY 
16 P +] \M D3 $5 18 
17 S 25 I 13 3.5 100 
7 100 
IS P 5D | —S0 1.4 so 
9S 26 M 70 0.9 95 
20 P a) \I 120 6.2 20 
21 8 1 I" 165 0.8 100 
ze P ay | 5) fp 50 
23 P 53 I 14 3.1 97 
24 P 34 M 105 0.3 100 
25 38 1 M 30 1.4 89 
26 P 52 M 105 8.41 1] 
*In this and the following tables P paroxysmal hypertension and 3S sustained 
hypertension 
‘The concentration of catecholamine was determined by paper chromatography in al 
but one ase (Patient 26) In that case the method for total epinephrine-like substances 
of Weil-Malherbe and Bone was used 
Crystalline epinephrine previously isolated by Kendall was examine 


The concentrations of catecholamines found in the pheochromocytomas were 
generally greater than those found in grossly normal adrenal glands which 
were removed from seven patients beeause of inoperable carcinoma in five, 
Cushing’s disease in one, and Simmonds’ disease in another. Coneentration 


of eatecholamines in the glands measured by paper chromatography varied 
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from 0.10 to 0.75 me. per gram, and the weight of the individual glands 
aried frem 4.2 to 9.2 grams. The total amount of catecholamines varied from 
0.8 to 4.4 me. per adrenal and most of this was epinephrine. In one patient 
l2 per cent of the catecholamines was norepinephrine, in another 2 per cent, 
whereas none was found in the others, in the amounts which we used for the 
paper chromatograms. It is possible that the presence of systemie disease and 
the necessary surgieal procedures may have reduced the amount of eatechola- 
mines in these glands. Since cortical tissue was included, it is probable that the 
concentration of catecholamines in the normal adrenal medulla may be as 
vreat as in some pheochromoeyvtomas. 

$-Hydroxytyramine was found in relatively small amounts in four pheo- 
chromoeytomas. The amounts were estimated in three of these tumors by paper 
chromatography to be 0.1, 0.1 and 0.3 mg. per gram. 3-Methoxynorepinephrine 
was found in five and 3-methoxyepinephrine in six of the pheochromocytomas 
that have been studied recently. The amounts were very small in all cases, 
being less than the 25 »g per gram whieh Sjoerdsma and co-workers’ had 
found of methoxyepinephrine in such a tumor. 

Catecholamines in Plasma.—-The concentration of catecholamines, or pressor 
amines, in the plasma has been measured in 1,127 patients whose symptoms 
suggested the possible presence of a pheochromocytoma, but who were sub- 
sequently considered to be free of this tumor. The mean concentration of 
epinephrine-like substances was 2.4 pg per liter, with a standard deviation of 

1.1. The eumulative frequency distribution curve of the coneentration in 
asma Showed that 95 per cent of the values were less than 4.5 pg per liter 
Mig. 1). Seven additional specimens with abnormally high values from 10.2 
35.0 pe per liter were considered spurious and were excluded from this 
ies of essentially normal values. Information sometimes was obtained 
cerning the ingestion of drugs which produced fluorescence in the sample 
lvzed. A few of these patients were jaundiced or had some evidence otf 

il insufficieney, which, according to Zileli and co-workers,** may produce 

elevation in the plasma eatecholamines. 

The concentration of catecholamines was measured in the plasma of 15 


ents with pheochromocytomas which were subsequently removed surgically. 


centrations of 6.0 to 86.5 ye per liter of plasma, which were significantly 
ter than those in normal subjects, were found in 15 of these patients 
re histamine or Regitine was given. Tests run on different days showed 
but variable values. Also the response to the histamine test** varied 
“: \tly beeause of previous medication. In some patients with high blood 
s, no further increase was produced by histamine.** In some, dramatic 
ases were produced, the greatest being from 86.5 to 360 ye per liter 
ient 30, Table IL). Two days later when the histamine test was repeated 
is patient, a smaller increase was found, namely from 47.0 to 58.0 yg. 
ial levels of plasma eatecholamines are usually found in patients with 
pa: xysmal hypertension during normotensive phases. Two patients with 
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sma Pressor Amines 





3 6 
ig ter 
Fig. 1 Cumulative frequency distribution curve of the concentration of plasma pressor 
imines, or catecholamines, in patients without pheochromocytomas The values given 
ire in micrograms of epinephrine-like substance per liter of plasma 


normal levels of 2.1 and 2.2 »@ per liter showed increases to 9.6 and 21.6 pe 
after the injection of histamine (Patients 43 and 45, Table ITT). One patient 
Patient 48) with normal levels of 3.1 and 3.0 ug per liter before and after 
histamine was asked to hyperventilate strenuously and then had a spontaneous 
attack of hypertension with a blood level of 9.8 ne per liter. In a series ot 
#8 patients without pheochromocytoma, the mean concentration of epinephrin 
like substances in plasma was 2.0 pg per liter +0.8 (S. D.) before and 2.1 pg 
+O0.7 atter the histamine test. 

The concentration of catecholamines in plasma was determined after opera 
tion in 11 of the 23 patients. Normal values were found in 10 patients and 
elevated values indicative of residual functioning tissue were found in on 
patient (Patient 35, Table II 

Urinary Catecholamines. 


Quantitative tests: The mean 24 hour output of eatecholamines in 647 
specimens of urine from individuals, subsequently considered free of pheo 


10 to 643. The cumulative frequency distribution curve showed that 95 per cet 


chromoecytomas, was 119 »g with a standard deviation of +73 and a range fron 


of the values were less than 250 ne (Fig. 2), and these values were considere: 
normal. Some of the patients with abnormal values subsequently were foun 
to have been ingesting drugs which may have been responsible for some « 
the fluorescence in the urine since omission of the drugs was followed by t! 
appearance of normal concentrations of catecholamines in the urine. 

The catecholamines in the urine of 9 patients, later proved to have phe 
chromoevtomas, varied from 317 to ? TSO pe in 24 hours with one except 


(Table II1). The normal exeretion of 64 »g in 24 hours was found in 1] 
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patient with the 1.2 gram tumor. Normal values were generally found for 
urinary eatecholamines in patients after surgical removal of the tumor. The 
high value found in Patient 39 Table IT] indicates that probably additional] 


funetioning tissue is present, 


Qualitative tests: The qualitative test for free eatecholamines in. the 
urine gave positive results on 9 patients whose quantitative test gave positive 
results. The qualitative test was used on 629 of the 646 specimens of urine 
from patients without proved pheoechromocytomas. In 80 per cent of these 
specimens, the fluorescence was found to be less than in the standard, and 
thus the 24 hour output of catecholamines expressed as norepinephrine was 
less than 180 pe. Results of these tests were considered negative. In 20 
per eent of the specimens, the tests gave indeterminate results sinee the 
fluorescence was blue instead of the yellow-green color produced by ecatechol- 
amines. Subsequently, when a positive result in one patient was followed 
bv indeterminate results, Dr. Ff. T. Maher noted that the patient had ingested 
mpirin and that a test of the urine was positive for salievlates. This and 
many additional observations have shown that the blue fluorescence was 
associated with the ingestion of salicylates. Omission of such medicaments re- 
moved this complication. The qualitative test never gave a positive result when 
the quantitative test gave a negative result. Nor did it give a negative test in 
ny of the eases of pheochromoeyvtoma in which a quantitative test gave a posi- 
tive result. Results of the qualitative test were negative in several instances in 
vhich results of the quantitative test were positive beeause of ingestion of drugs. 


rhe qualitative Test is now being used routine! as a test for pheochromoeytoma. 


3-Methory-4-Iydrorymandelic Acid and Methory Compounds.—3-Methoxy- 


t-hvdroxymandelie acid has been shown by Armstrong and eo-workers'® to be 


Urinary Catecholamines 








- Cumulative frequency distribution curve of the urinary output of catecholamines in 
24 hours in patients without pheochromocytomas, 
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an important metabolite of catecholamines in the urine. They have found 
concentrations of 1.5 to 3.0 ng of 3-methoxy-4-hydroxymandelie acid per milli 
gram of creatinine in most normal individuals, and from 9 to 90 «vg in patients 
in whom pheoechromocytomas were found later at operation. Using their 


technique, we have found concentrations of 5.0 to 62 »@ per milligram of 


creatinine in 6 patients with proved pheochromoeytomas (Table IV) in contrast 
to values of 4.0 ng or less in 15 of 17 patients without proved pheochromo 
eytomas. Values of 10.0 and 15.0 pe were found, however, in the other two 
patients, although they had normal concentrations of catecholamines, namely 
154 and 49 we in 24 hours. Gitlow and associates*’ have found no overlapping 
in values for 3-methoxy-4-hydroxvmandelie acid between normal subjeets and 
patients with pheochromoeytomas when they ingested no fruit, coffee, tea, 
or substanees whieh contained appreciable quantities of vanilla for a period 


of 24 hours before urine was eolleeted. 


TABLE LV. URINARY METABOLITES OF CATECHOLAMINES 
METHOXY -CATECHOLA 
»- METHOXY-4-HYDROXYMANDELIC ACID MINES 
PATIEN' uG/MG. OF CREATININI MG, IN 24 HR. (MG. IN 24 HR.) 

v toad 6.3 
17.0 12.1 
42 15.0 9.5 

44 25.0 2S 3 6.6 

25.0 5 AE Ww | 

50.0 53.8 rs 

15 5.0 3.1 6.6 
16 10.0 t.4 
10.0 G6 
15.0 11.4 

17 62.0 85.7 "1.0 


Methoxy derivatives of the catecholamines were measured in the urin 
of three patients with pheochromocytomas. Urinary exeretions of 6.6, 5.7 
and 5.8 mg. in 24 hours were found in one of these patients, and 21.0 and 6.6 
mg. in two other patients (Table IV). Three patients without proved pheo 


chromoeytomas excreted 4.1, 5.8, and 7.3 mg. in 24 hours. 


COMMENT 


Inereases in the eatecholamine content of blood associated with the presene 
of pheochromocytoma were readily detected by the method of Weil-Malherb 
and Bone. The rate of release of catecholamines from these tumors varie 
considerably in different patients. In some patients with pheochromocytomas 
the coneentration of catecholamines in the blood was elevated continuously, i 
others only oceasionally during spontaneous attacks. In the latter group, tl 
injection of histamine usually would release eatecholamines from the tum 
in quantities sufficient to give a marked elevation in both the blood pressu 
and the level of blood catecholamines within 2 to 4 minutes after the injeetior 
Care must be taken to eliminate medication with drugs capable of produei 
an interfering fluorescence prior to using this blood test.*° 
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The von Euler and Floding method for the quantitative determination of 
catecholamines in urine as modified by Sobel and Henry also is useful for 
the detection of pheochromocytoma. Even greater eare must be taken to 
exelude medication with other substances which produce fluorescent products 
in the urine. Also, if the tumor is very small or if the tumor is not releasing 
catecholamines in significant amounts during the test period, a negative result 
may be obtained even when a tumor is present. 

The Hingerty** qualitative test for catecholamines in the urine is a useful 
and simple test for pheochromoeytoma. Medication with salicylates should be 
avoided before this test. This precaution should also be taken prior to estimation 
of the metabolite, 3-methoxyv-4-hydroxymandelie acid by paper chromatography, 
according to Armstrong.** 

The variations in coneentration of catecholamines in the 54 pheochromo- 
eytomas examined, in the total quantity of these amines stored in each tumor, 
and in the relative amounts of epinephrine and norepinephrine in each are 
in general similar to those reported for other pheochromocytomas by many 
investigators.*:?*°" The oceurrenee of significant amounts of 3-hydroxytyra- 
mine in a few of these tumors in addition to other eatecholamines was not 
associated with any differences in the symptoms presented by the patients. 
The quantities of metanephrine and normetanephrine which we have found very 
recently are of the same order of magnitude as the quantity of normetanephrine 
found by Sjoerdsma and co-workers’ in a pheoechromoeytoma. These methoxy 
ietabolites exist in the tumors in almost trace amounts compared to those of 
the catecholamines. 

Normetanephrine?” and 3-methoxy-4-hydroxymandelie aeid'’ are major 

etabolites in the urine of patients with pheochromocytomas, and they oecur 
much larger amounts than do the eatecholamines. The O-methyvlated eom- 

ounds of urine account for about 55 per eent of the metabolic products of 
repinephrine in the normal human subject aeeording to Goodall and associ- 

tes.°8) The total quantity of these excretory products was higher in some of 
r patients with pheochromocytoma than in normal subjeets. 

Blaschko and associates*® have shown that eatecholamines are stored in 
toplasmie granules in the adrenal medulla in high coneentration. They are 
close association with adenosine triphosphate which Falck and associates*'® 
e found also oceurs in high concentration in these medullary granules. 
ttle is known concerning the mechanism of release of the catecholamines 
m the granules or cells of either the normal adrenal medulla or pheoehromo- 
oma. The amount of catecholamines in the tumors does not appear to be 
ectly proportional to the concentration of catecholamines in the plasma 

irine or to the concentration of their metabolites in the urine. It is obvious 
the rate of turnover of the catecholamines in the large tumors must be 
than in the three patients studied by Sjoerdsma and co-workers,*? who 
(a turnover of norepinephrine with a half-life of about 10 hours. 
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SUMMARY 

The qualitative test of Hlingerty for free urinary catecholamines in 24 
hour specimens of urine provides a useful procedure for the detection of 
pheochromoeytomas which are actively releasing catecholamines. When results 
are positive, quantitative determination of the eatecholamines in- hydrolyzed 
urine provides additional useful information, as does the measurement of the 
catecholamines in plasma, in establishing the diagnosis. 

When pheochromoeyvtomas are not releasing catecholamines in quantities 
sufficient to cause an elevation in blood pressure, they are not detectable by 
these chemical procedures. The injection of histamine under properly con- 
trolled conditions or a spontaneous attack, however, will usually release cate- 
cholamines from these tumors in sufficient amounts to produce an immediate 
rise in the concentration of catecholamines in the blood. The amount of 
catecholamines in the blood and urine is not an accurate index to the very 
large amounts of either epinephrine or norepinephrine, or both, often stored 


in pheochromocytomas. 


We are grateful to the Winthrop Laboratories for gifts of crystalline L-arterenol 
bitartrate and L-epinephrine bitartrate, to M. D. Armstrong of the Fels Kesearch Institute 
at Yellow Springs, Ohio, for 3-methoxy-4-hydroxymandelie acid and a copy of his detailed 
procedure for the determination of this substance by paper chromatography,?s to Bernhard 
Witkop of the National Institute of Arthritis and Metabolic Diseases, for metamethoxytyra 
mine, 1l-metamethoxy-norepinephrine, and 1l-meta-O-methyvlepinephrine, and Robert) Gage 


for assistance in the statistical analysis of our data. 
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Present theoreti concepts of bone hold t to b a act e pa ar pa 
electrolyte and hydrogen-ion homeostasis 1 hich engages , ionic exchanges t} 
extracellular fluid. This é de ch iy on Hid S 
potassium, and carbonate after acut acidosis a ( l t] ) } 
percentag Oo] exchai al sodium obse { ” a mals } adi } 
dilution stud 

Data on the electrolyte COMPOS lio of ormatl be a sae fi. ] fua / 

( a available huma? Lisec fates hich n / / d } od 
cha ij n the be Sé ( oO Sor m and ¢ ‘ olut | {} f lif 
ortical be pecim s obta Ltfroma f Ou] pe f f hie 
died I} ft / ¢ l ( } ¢ hoped at 2 tres T) 
i ( pa ai th b ( pe f fs who d a / { { 
such as twnfection, ca U heart a th and fhaul ( ( 
a with acidosis 
l a alues fe sor n, potas n a at ( pl phe 
human cort 1} ltob ompare } a ( f d 
and lars J lependent ¢ a r, and le ¢ ( } \ ( atic 
sted between the measured bone electrolut«s and the s n s of sod 
chloride, blood urea nitrogen, potassti m, and CO.,. 

/ two patie) ts ith emia and acidosis of long stand . 2 ho sodium 

as significantly low. Bone sod n as hiahe tha t} ri le g fire 


pat ents th hype capnia, 


Net changes in bone electrolytes p obably occur only with s e and pro 


longed disturbances of the extraccllular fluid compone nts. 


lik present study is an attempt to examine some of the current theor 
Tac of the function of human bone as an electrolyte reservoir by 
direet examination of its mineral composition in a variety of elinieal disord 

Significant quantitites of sodium, potassium, and other minerals 
demonstrated in the skeletal systems of man and other animals by Gabri: 
1894.! there 


large deposit of mineral salts ean be readily mobilized in the maintenance 


Sinee then have been recurrent suggestions that this relat 


ionic homeostasis. Bone is now considered by many to be a dyvnamie 
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etively participating in normal and abnormal electrolyte metabolism by appro- 
late lonie exchanges with extracellular fluid 

The experimental basis for this “reservoir” concept in man is largely in 

direet and is derived from three types of evidence: 1) accumulated data on 


anees in hone sodium, }) 


potasslul, oO} carbonate in animals subjected to acid 


oads, CO. inhalation, and electrolyte depletion,”'' (2) the demonstration that a 


significant percentage of the Important bone eleetrolytes are readily “exchange 


ble” by radioisotope dilution met] ods, and >) more precise understanding 
of the ultrastructure and the phvsicochemica! activities of bone. xtrap- 
tions from such data have been made to inelude man and a similar reservoir 
inetion has been addueed for this Species. 

Direct information, however, on the mineral constituents of “normal” 
man bone is seanty. There has been no extensive study of the 
riations in human bone electrolyte content in disease states so that it is not 
nown whether the data on animals are precisely translatable to equivalent 
pt is made in this report to study the relation 
ween serum and bone el ctrolvte concentrations in 


‘ 


states in the human An attem 


a number of pathophwysio 
vie states which approximate those produced in experimental animals. 
Contrary to some of the indications obtained in experiments on animals, 
lata to be presented indieate that the individual and average values of the 
or Inorganic constituents of bone are quite constant ina variets of diseases 
lL are generally independent of age, sex, and the 
| | 


] + 
Domne eleeLtrvo 


serum level of the eor- 
Vte Severe chronie metabolic acidosis and hyvpereapnia 
mn Varying causes appear to be correlated with detectable variations in the 
um content of bone It would seem that present inferences trom data on 
mals regarding the electrolyte reservoir function of human bone may apply 
nlv a limited number of clinieal situations 


MATERIAL AND METILODS 


ples er bones were examined from a control series of 
patients d ano r grou f seventy-one patients who died from a variety of elinieal 
. control specimens were obtained from patients without significant illness who 


operation for reduction of fracture or other orthopedie procedure 


antecedent historv of illness after 


, or from patients 
unexpectedly without trauma or acute myocardial 
There were twelve males and three females in 1 


his group and their ages ranged 


neonatal period to seventy-four year 


‘abnormal’ series consisted of specimens obtained at autopsy from seventy-one 


ts who died from a variety of clinical disorders. There were forty-nine men and 
rut i is group and the age range was from 24 to 91 years, with a mean 
) Vi rs 
diagnoses used as the basis for comparison in both groups were determined by 
1 histologic postmortem examination. None had histologie evidence of bone disease. 
Vethods. Bone sp 


pecimens were obtained at operation or at autopsy 2 to 12 hours 
Most of the samples were removed from the upper one third of the tibia and 

1 approximately 144 by 3 em. \ smaller number was obtained from the rib, skull, 

mur, and phalanges. 

e periosteum was carefully stripped away and bone marrow was completely removed. 


blood and tissue fluid were removed by blotting, and the specimens were wrapped in 
; } PI 


nt 
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plastic material and stored at 0° C. The eortical portion only of each specimen was reduced 


to a fine powder with a high speed electric hand drill or, in the case of small specimens, wit! 


a dental drill. Care was exercised not to penetrate the inner layers of bone close to th: 
marrow eavity. Bone powder (500 to 1,000 mg.) was obtained, weighed, and then heated t 
constant weight at 105° C. This was achieved in 48 hours. The dry powder was ashed 


in a muffle furnace in platinum crucibles at 1,500° EF. for 48 hours. The resultant ash wus 


dissolved by adding a small amount (4 to 6 ml.) of 3N hydrochlorie acid to the platinun 
crucible on a hot plate. Solution usually occurred within 15 to 20 minutes, after whieh the 
material was filtered through No. 40 filter paper into a 25 ml. volumetric flask. The crueibl 
was washed twice with 3N hydrochloric acid and this was added to the volumetric flas 


which was made up to volume with distilled water. Ten milliliters of this solution was plac 


on a Dowex-50 column (50 to 100 mesh) in glass columns (1.8 by 61 em.) with a sintere 
glass filter. Fractional elutions were obtained with 0.7N hydrochlorie aeid by the meth 
of Forbes and D’Ambruso.27 The eluates were analyzed as follows: the first 100 ml. for 


phosphorus by the molybdate method,28 the next 100 to 300 ml. portion for sodium, and the 
next 300 to 500 ml. portion for potassium. The final elution was made with 5N hydrochlor 
acid, using a volume of 500 ml, and this was analyzed for calcium by oxalate precipitation 
and cerate titration.29 Sodium and potassium were determined by standard methods with t] 
use of an internal standard flame photometer.‘ 

Serum electrolyte determinations were obtained at least 24 to 48 hours before death 
all patients with significant electrolyte disorders. In other patients with more chron 
diseases the determinations were obtained serially at longer intervals before death, whi 
rarely, however, exceeded one week, 

Fat was extracted bv the method of Folch and collaborators#® with methanol at 


chloroform, The determinations were accomplished without fat extraction and are records 


nm terms of ary weight, sinee the fat content was 1.0 per cent or less in 50 specimens 
703 + 0.203 per cent. 
All determinations were carried out in duplicate. Recorded values are averages. ‘I 


variation in paired samples did not exeeed 2 per cent for sodium, ecaleium, and phosphoru 
Recovery rates of known solutions of sodium, calcium, and phosphorus from the Dov 
columns averaged 9S per cent. Recoveries were run before and after each set of determi 
tions. Potassium determinations were more variable and recoveries averaged 95 per cent. 
Beeause of prior observations that a high concentration of ealcium, hydrogen ion, 
phosphorus would interfere with the determination of sodium in the flame photometer,2*. 


fifty samples were examined before and after passage through the Dowex column. 


RESULTS 

1. Water Content.—The water content of the cortical bone specimens rang 
from 5.2 to 11.7 per cent, with an average of 8.7 + 0.20 per cent. There was ! 
appreciable variation either with the age of the patient or with the presence 
absence of disease. 

2. Potassium.—The range of concentration for potassium was betweer 
and 20 »Eq per gram of dry bone with an average value of 15 nEq. The levi 
of bone potassium were considered too low and the recoveries too variable 
permit reliable comparison between the control determinations and those « 
tained in disease states. 

3. Comparison of Data Before and After Dowexr-50 Column.—Table I ei 
the comparison of values obtained for sodium before and after passage of 
ashed sample dissolved in hydrochlorie acid through the Dowex-50 column. 1 
mean of paired direct determinations of sodium on the dissolved ash in for 
‘ 


four patients was 273 »Eq per gram of dried bone. The mean of pail 











ck 


‘olumn was 261 pkq per gram. 
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? 
EK I. COMPARISON OF BONE SopliUuM DETERMINATIONS IN 50 PATIENTS BEFORE AND AFTER 
PASSAGE THROUGH DOWEX-50 COLUMN 
BEFORE PASSAGE THROUGH COLUMN AFTI PASSAGE THROUGH COLUMN 
Mean 272 why Gm. POL wea Gn 
SE. +22 uh 
terminations ot sodium on the eluate alter pPassave through the Dowex-90 


Values obtained yy the direet determination 


were on the average 11 mg. higher than those determined after passage through 


the lon exchange column. 


} Control 
rom. the 


Neries. Table IL shows the results obtained in the specimens 


control series of fifteen patients. Six patients died unexpectedly as a 


result of myocardial iInfaretion. 


Four of these patients were dead on arrival at 


Cc hospital. Two patients died as the result of trauma The tibias of one 
premature infant and one stillborn infant were examined. 
Il. INbDIVviptUAL VA ES FOR NA, CA, AND P 1d CONTR SPECIMENS ¢ HUMAN Bont 
OBTAINED AT OPERATIO \ OPSY 
AGI NA Ca sy 
DIAGNOSIS YI Ss SIT wEQ/GM ME@./GM. MG./GM. 
Opsy. 
\Mvocardial infaretion; 
dead on arrival 74 M Tibia 27 10.8 111 
Myocardial infaretion ; 
dead on arrival 7 I Tibia 242 11.38 108 
\Ivoeardial infarction ; 
lead on arrival 72 M Pibvia 271 ch 118 
wardial infarction ; 
dead on arrival 9 M Tibia 27 11.1 109 
lvoeardial infarction a» M Tibia 266 10.9 112 
lvoecardial infaretion 66 M Tibia Zia 10.3 10S 
ill fracture 60 M Tibia 274 10.2 108 
ima 63 I Skull 248 10.2 90) 
maturity 1 day M Tibia POS 7.4 102 
lborn M Tibia 2OS 9,1 113 
d at Operation. 
vangrene 53 M Tibia 246 9.4 102 
pound fracture 29 M Pibia 250 10.0 106 
pound fracture 30 ky  =Radius 270 
nion 39 M Metatarsal 270 9.9 106 
atic amputation 63 M Radius 260 10.7 110 
in determination of control + S.E. 262 + 2.8 10.2 + 0.30 Ley = Ba 


‘ive specimens were removed at operation. The specimen obtained most 
iently was from the tibia, but samples of skull, radius, and metatarsal 


also examined. 


lhe range of bone sodium in this group was from 242 to 273 Eq per gram 


0 y bone and the mean value was 262 »Eq per gram. The range of phos- 
is was 90 to 118, with a mean of 107 mg. per gram of dry bone. The range 
0 iclum was 7.4 to 11.7, with a mean of 10.2 mEq. per gram of dry bone. 

one ealeium was significantly low in the premature infant, though it was 
c to normal in the stillborn infant. The bones of the premature infant and 
u illborn infant showed normal values for sodium and phosphorus. Though 
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most specimens were from the tibia, the values for sodium, ealeium, and phos 


phorus and also potassium and water were not different in the radius, meta 


tarsal, or skull in the control group. 
Table LI 


phosphorus yy age 


thr 


for the control series. 


shows the mean of determinations for sodium, caleium, and 
The number of observations is smal 


No ar Tee) 


Valllles, ¢ xeepl als 


but there appears to be a shieht increase of bone sodium with age. 


able variation ean be made out in the ealeium and phosplorts 


already noted in the premature infant. 


ABLE III \Li Devi LTH or N ( > A ( w 
NA ( | 
AGI uko (iM Oo. ts ( (; 
Newborn | aS | | 
Premature | 25S 7.4 \) 
20-29 | P50 10.0 (yt 
d0-39 } 4 10 O7 
10-49 0 
50-59 ” 256 10 107 
60-69 } 6) 1 } 
70-79 2 2t2 2 lle 
Heart Disease—Table 1V shows the average values obtained in) patients 
who died from heart disease ot different etioloe@les There were seventeet 
patients with arteriosclerotie, hypertensive, or rheumatic heart disease. Thi 


of these patients were edematous : 
Ot the 


edema-free at the time of death. 


it the time of death and fourteen were tree o 


edema. latter fourteen, ten had been edematous, were treated, and we 


Two of these patients had serum sodium val 
below 130 mEq. per liter and chloride values below 90 mEq 


others had normal serum electrolytes. 


liter. T 


The average bone sodium for all fourtee! 


}>« I’ 


patients in this category was 25 


9 pliq per gram ot diy bone with no sienifieat 
differences between the edematous and the nonedematous patie hts 


TABLE IV. MEAN VALI 


ES OF BONE Na, CA, AND PIN PA’ s Wirnu Ili DISEASE Ot 
VARIOUS TYPES 

NA Ca P 

HEART DISEASE NO. OF CASES BEQ/GM. MEQ. Ga MG./GM 

Arteriosclerotic, hyper 

tensive, rheumatie 17 259 10.0 107 
Edema at death 3 254 10.6 109 
No edema at death 14 260 10.1 106 
Cor pulmonale i 256 9.7 110 
Amyloid edema ] 258 9.6 110 


There were four patients with cor pulmonale who had extensive edema 
the time of death. these had 


The bone sodium, calcium, and phosphorus levels were not appreciably differs 


Two ot low serum sodium and ehloride val 
from the controls. 

One of the patients studied had widespread myocardial amyloidosis w 
anasarea. His bone sodium was also within the normal range. 

Thus, the comparison of eight patients with heart disease, edematous 
death, with seventeen nonedematous patients with heart disease revealed 0 
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significant differenees in the average levels of bone sodium, ealeium, or phos- 
norus, 
Miscellaneous Diseases— Table V shows the data on specimens obtained 


om patients who died from a variety of disorders. There were fourteen patients 


this group with malignant neoplasms. Most of these patients were cacheetic 
and had been ill for long periods. Bone sodium, calcium, and phosphorus 


leterminations were not significantly altered from the control data. Five had 


elinieal edema at the time of death. All of these patients had normal serum 


electrolytes exeept for two patients with low serum sodium and chloride values. 


EV. MEAN VALUES FoR NA, CA, AND PIN PATIENTS WITH MISCELLANEOUS DISEASES 


NA CA ‘a 

MSEASI NO. OF CASES ukig/Gm., MEQ./GM. MG. /GM. 
Malignant disorders 14 P5Y 10.5 115 
Infeetious disenses 6 v5 10.5 1090 
Other medical 5 P65 10.1 112 
Perforated viseus 7 265 11.0 111 
Control 6] 10.4 107 


Six patients were studied who died from infteetious diseases. Four of these 
C elderly persons with staph lococeal pneumonia, Two of the latter had low 
serum chloride and sodium values 
Five patients with varying diseases, one of whom had low serum sodium 
| chloride levels had no significant changes in bone eleetrolytes. In this 
eroup there were five patients with various diseases: subarachnoid hemorrhage, 
scular dystrophy, third degree burns, cerebral vascular aeeident, and pul- 
hary fat embolization following hip fracture. 


EVI. INDIVIDUAL VALUES FOR SERUM AND BONE ELECTROLYTES IN PATIENTS WITH 
HYPERCAPNIA AND VARIOUS CLINICAL DISORDERS 
SERUM BON I 
NA Ca P 
IAGNOSIS CO "ip NA nEQ/GM. MEQ./GM. MG./GM. 
nsion and arterioseleroti 
rt disease 19 105 151 300 10.9 
( rof ovary 10 93 134 243 3.3 
( r of bile ducts +1 102 135 300 11.0 148 
( lmonale 1] 92 158 253 0.6 103 
ension and arterioselerotie 
t disease 30 4 242 10.0 111 
( of lung 7 7) P56 10.3 103 
( nonale 34 83 952 10.7 111 
264 10.5 £3 
( 2°61 10.4 L107 


even of the specimens from this miscellaneous eroup were obtained from 


p ts who died before or shortly, after surgical exploration as a result of 
p ation of abdominal viseus with peritonitis. All of these patients were 
‘ people admitted late in the course of their illness. All had normal 
st electrolytes. Blood urea nitrogen values were moderately elevated in 
a 


n two patients, carbon dioxide combining power was slightly depressed. 
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TABLE VII. INpbIivipUAL SERUM AND BONE ELECTROLYTES IN PATIENTS WITH ACIDOSIS DUE T% 
RENAL DISEASI 


ON 
SERUM NA CA 

PATIEN' DIAGNOSIS BUN NA CO BLEQ/GM, MEQ./GM. MG./GM, 
Hi. dd. Glomerular nephritis 173 130 1.8 219 
W.L. Malignant nephro 

sclerosis 160 131 18.0 !00 11.9 153 
G. J. Chronie pyelo 

nephritis 57 144 14.0 264 10.8 108 
P. 8. Chronie pyelo 

nephritis 73 138 15.0 252 10.7 108 
M. P. Aeute tubular 

necrosis ° 66 158 13.0 250 10.1 114 
wr! J Chronie pyelo 

nephritis 115 142 14.0 270 11.0 110 
R. R. Massive infarction 

of kidney 9S 142 14.0 253 10.8 oon 
F. &. Hepatic coma; 

metabolie alkalosis 114 136 8.4 277 11.6 111 
M. T. Duodenal fistula 116 150 18.0 210 10.1 99 


*One patient with metabolic alkalosis is added for comparison 


The average values for bone sodium, caleium, and phosphorus were simila! 
to those in the control series for all patients in this miscellaneous group. 


Hypercapnia.—Table VI shows the data on a group of patients who had 
a significant degree of hypereapnia for at least one week prior to death. All 
these patients exhibited evidence of diminished pulmonary ventilation. Thy 
primary diagnoses varied. Three patients died from carcinomas, one of tli 
ovary, one of the bile duet, and one of the lung. Two patients had cor 
pulmonale and two had hypertensive and arterioseclerotie heart disease. Thes 
five patients were not ineluded in the group already presented in Tables ILE and 
IV. In all eases the serum earbon dioxide level was elevated above 34 mEq 
per liter. Serum chloride level was below 90 mEq. per liter in all except two. 
Serum sodium was normal in two and greater than 145 mEq. in two. The 
bone sodium was well within the normal range in five and definitely elevated 
in two. Bone ealeium and phosphorus were also within the normal range except 
for a high phosphorus in one patient with carcinoma of the bile duet. 


Renal Disease With Acidosis.—Table VII presents the individual data tor 
eight patients who died as a result of acidosis due to renal insufficieney. Blood 
urea nitrogen, serum sodium, and earbon dioxide combining power levels wer 
those obtained on the day of death. In all instances, they represent valves 
obtained after therapy directed at the alleviation of acidosis and electrolyte « 
turbances. The first two patients listed (H. J. and W. L.), were middle-aged 
men who died from chronie glomerulonephritis and malignant nephrosclerosis, 
respectively. They were known to be acidotie for at least 


3 months bet 
death and both had relatively low serum sodium and chloride values. Tl 
earbon dioxide combining power was reduced in both and the whole blood ; H 
was 7.0 or below at death. Jone sodium levels were significantly depressed 
low the mean control values for both patients. Bone ealeium was determi: ed 
in only one of these two patients and was found to be normal. The bone phos 
phorus was elevated in W. L. 
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Five other patients demonstrated acidosis due to renal disease of relatively 
shorter durations. Patients G. J., P. S., and L. T. had bilateral severe pyelo- 
nephritis. Patient M. P. had acute tubular neerosis, following extensive third 
degree burns, and patient R. R. was found to have massive infaretion of one 
kidney, after spontaneous thrombosis of the renal artery. Another patient, 
P. G., was in hepatie coma and severe acidosis at the time of death. The 
histologie lesion in his kidney was that of benign nephrosclerosis and chronic 
pyelonephritis. All of these patients exihibited azotemia and depression of the 
earbon dioxide combining power, with normal serum sodium values. 

Bone sodium, calcium, and phosphorus were not significantly altered from 
the mean value for the controls. The mean bone sodium for all patients with 
metabolie acidosis was 244 »Eq per gram of dry bone. The low mean value is 
due to the inclusion of H. J. and W. L.—-two patients with acidosis of long 
standing. 

For purposes of comparison there are ineluded the data on one patient 

M. T.) with severe metabolie alkalosis due to an external duodenal fistula with 
gastroduodenal continuity. This patient died with azotemia, hypochloremia, 
kvpokalemia, and elevated blood pit. His bone sodium was within the normal 
range, calcium was normal, and phosphorus was at the lower limits of normal. 
This patient had no evidences of renal disease at autopsy. 

Correlation of Serum and Bone Sodium.—Fig. 1 is a plot of the serum 
sodium values in the “abnormal” series on the ordinate against the bone sodium 
nh microequivalents per gram of dry bone on the abscissa. The broken lines 
on the x axis represent the range of two standard deviations of the mean for 
bone sodium and, on the v axis, the normal range of serum sodium values in 
this laboratory. There is no apparent linear correlation of bone sodium with 
he corresponding serum sodium values. Nine patients with serum sodium 

lues below 135 mEq. per liter ean be seen to fall within the normal range for 

me sodium and, conversely, six patients with serum sodium values above 150 

iq. per liter are seen to fall also within the normal range. The two very low 
me sodium values are those in the two patients (W. J. and H. L.) with chronie 
idosis due to renal disease. Two patients with bone sodium values of 158 


iq. per liter were in the group with hypereapnia. 


TABLE VIIT. MEAN DETERMINATIONS WITH STANDARD ERRORS 


| NA CA | 
(nEQ/GM.) MEQ. /GM. MG./GM. ) 
NO, NO, NO. 
OBSERVA OBSERVA OBSERVA 
DIAGNOSIS TIONS MEAN + S.E. TIONS MEAN + S.E. TIONS MEAN + S.E. 
rol 15 262 + 2.8 14 10.2 + 0.30 14 107 + 1.7 
disease 

dosis 7 244+9.5 6 10.9 + 0.22 5 119 + 8.7 

tabolie alkalosis ] 275 1 10.1 | 99 
reapnia 7 264 + 9.6 7 10.5 + 0.20 5 115 + 9.1 
disease 22 259+ 4.9 20 10.0 + 0.17 18 108+ 1.8 
gnant disorders 14 260 + 6.1 13 10.5 + 0.32 11 115+5.8 
tious diseases 6 259 + 4.4 Z 10.5 + 0.20 5 109 + 1.7 
( medical 5 266 + 2.4 t 6.7 + 0.66 } 113 + 2.4 


rated viseus 7 262 + 4.0 6 11.0 + 0.17 5 111+0.6 
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Fig. 1 Serum sodium plotted igainst corresponding bone sodium value in thirty-twe 
patients 
Correlation of Serum CO, Combining Power and Bone Sodium.—Fig. 2 


shows a linear plot of the bone sodium content in microequivalents per gram of 
dry bone against the corresponding serum earbon dioxide combining power in 
milliequivalents per liter. There is no evidence of a linear trend v on x from 
these data. The reduction in varianee due to regression of y on x is virtual] 
nil, 

Summary of DataTable VIIT is the summary of the mean determinations 
with standard errors for sodium, ealeium and phosphorus in bone specimens 
from the control series compared with the abnormal series. There is very littl: 
difference between the mean values for sodium in the control subjeets and in tli 
patients in various disease categories. The low mean recorded for the patient 
with renal disease and acidosis is explained entirely on the basis of the two lov 
bone sodium values which were detected in patients with long standing aeidos! 
There are no significant variations in ecaleium and phosphorus between t! 
control series and the patients in various disease categories. A simple “betwee 
within” analysis of variation indicates that most of the variability in data 
due to individual fluctuations rather than to differences among groups. 

Comment on Methods.—A number of investigators have commented ups 
the problems encountered in the flame photometrie determination of sodium 
the presence of calcium in solutions of ashed bone.** °” ** The difficulties ha 


been attributed to the closeness of the absorption spectra of calcium al 
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sodium,*’"! to the high acid concentration of bone ash solutions, to the presence 
of contaminating substances such as ammonia, phosphate, iron, and oxalate, and 
finally to coprecipitation of sodium with caleium if the sodium determination 
is done after the calcium determination.*! Others have not eneountered 
these difficulties or have been able to obtain satisfactory analyses of sodium in 
bone ash by variations in the technique of caleium precipitation’! or by suitable 
corrections." 

Our data comparing fifty analyses performed on the bone ash solution be- 
fore and after passage through the ion exchange column reveal a mean differ- 
ence of 1] mEq. of sodium per kilogram of dry hone. Direct determination re- 
sulted in uniformly higher values. Caleium and phosphorus on the other hand 
were determined before and after passage through the column and no significant 
differences in the two methods were observed. Insufficient data were obtained 
on a comparison of potassium by the two methods. It is our impression that 
sodium and potassium in aeid—bone ash solution should be determined by 
passage through ion exchange columns as already suggested. *  Tlowever, 
calcium and phosphorus determinations can be made direetly with no signifieant 
differenees in results. 

The tibia was chosen in the present study because it presented a compact 
one whieh is easily removed at surgical operation. Specimens of adequate 
size could be obtained from approximately the same site in different patients. 
furthermore, marrow could be easily removed. Attempts to obtain suitable 
specimens of cortex from ilium, rib, or vertebra were unsuccessful since there 


was almost inevitable contamination with bone from the marrow cavity. Levels 
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of sodium for bones from these latter sites were considerably lower than those 
obtained from the tibia. The importance of completely removing marrow trom 
the bone specimens has been pointed out by Follis**? who showed consistent!) 
higher levels of caleium, phosphorus, and carbonate in marrow-free preparations 
of human rib when compared with specimens which contained marrow, Our 
data would indieate that the tibia is a technically satisfactory site for sampling 
and that it gives reproducible values without the problem of contamination 
from marrow elements. 

The data for the mineral composition of several human bones determined 
by different investigators has been summarized recently.” 

Our values for calcium and phosphorus are in close agreement with those 
of other investigators,'® 2%) 25-28) % 

The range of potassium values obtained in this study is from 10 to 20 
ukq per gram of dry bone. This agreed with the range of values reported for 
skull, but was lower than the values reported for rib and ilium.*' 

Our data on the sodium content of human bone also agree quite closely 
with other results obtained recently. Thus, Agna and his colleagues*® found 
291 mEq. of sodium per kilogram of dry bone in skull, 268 in rib, and 269 in 
ilium. Kdelman and co-workers'® reported values of 273 mEq. in skull, 215 in 
rib, and 222 in ilium. These figures compare well with our normal contro! 
value of 262 mEq. per kilogram for tibia. Both of these studies indicated a 
higher level of bone sodium in skull than in the rib and ilium. Values as low 
as 222 mEq. per kilogram were reported for ilium by Edelman and associates.’ 
There was closer agreement between the three bones in the study of Agna and 
colleagues.*° The earliest study by Gabriel' revealed a level of 251 mEq. pe! 
kilogram of dry bone in two humeri and this accords very well with the recently 
obtained data. Somewhat lower levels for rib were reported by Davies and 
collaborators.“* They found a rather high level for femur (300 mEq. pei 
kilogram of dry bone). 

Generally speaking, the lower levels reported are for cancellous bones lik: 
rib and ilium.*° No data on human tibiae were available for comparison. 


DISCUSSION 


If we accept the mean values of this and other studies for the sodiu 
content of human bone, the estimated total skeletal content of this eation would 
be approximately 1,500 to 3,000 mEq. Were this available for exchange wit 
extracellular fluids, bone would constitute an important line of defense 
disturbances of hydrogen ion balance and in systemie hyponatremia ai 
hypernatremia. 

Over the past 60 years animal studies have indicated varying degrees « 
participation of the mineral constituents of bone in homeostasis under differe: 
pathophysiologie stresses. As early as 1893, Gusmitta’ showed a decrease 
bone carbonate in rats with inanition acidosis. Goto,* in 1915, fed relative 
large loads of hydrochloric acid to rabbits and reported a significant decrea 
in bone potassium and carbonate. In 1932, Irving and Chute’ demonstrat: | 
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a 3z per cent decrease in bone carbonate in rats and @uinea pigs after ingestion 
of ammonium chloride, Their results were not conclusive so far as phosphorus 
and caleium were coneerned, but they suggested that bone could funetion as a 
buffer reserve in the neutralization of ingested acid. Irving and co-workers, 
in 1934, obtained suggestive evidence that bone could act as a site of earbon 
dioxide retention in animals subjected to CO. inhalation. In 1936, Harrison and 
associates”® introduced the notion of “extra” sodium in bone and eartilage in 
excess of what would be expected on the basis of its extracellular fluid content. 
They felt that this sodium was either insoluble or undissociated, but that it 
might be available under certain eireumstanees. 

Experimental data have been obtained more recently relating specifically 
to the participation of bone sodium and potassium in electrolyte shifts. Juvenile 
rats responded to the administration of an aeid load with equimolar losses of 
sodium, potassium, and earbonate.!’ Other studies subjecting rats to acid loads 
Nn association with peritoneal dialysis resulted in average loss of bone sodium 
of 42 mEq. per kilogram and of bone potassium of 11 mEq. per kilogram." 
Levitt!? administered large loads of ammonium chloride and hydrochloric acid 
to rats and showed losses of bone sodium of the same order of magnitude. 

In a recent review, Nichols and Nichols’ refer to data of their own indi 
cating significant losses of bone sodium in adult dogs undergoing sodium de 
pletion and an inerease in bone sodium in adult rats with chronie sodium load- 
ng. Likewise, hyperchloremie acidosis in adult rats was shown to produce a 
oss of bone sodium. In rats on a low sodium diet there was a correlation of 
bone sodium with urinary sodium losses after administration of Mereuhydrin."* 
Two studies on bone sodium in adrenalectomized rats show a slight decrease. 

Two of the most recent animal studies, however, have failed to confirm some 

these changes in bone electrolyte composition. Winters and ecollaborators* 
xluced severe hyponatremia in adult male rats with marked depression of 
serum and sodium values, but were not able to demonstrate any significant 
usfer of sodium from bone under these cirecumstanees. Levitin and assoei- 
s’* investigated the effect of respiratory acidosis on electrolytes of liver, 


scle, and bone. They were able to demonstrate some participation of potas- 


Sim proteinate of musele in the buffering of carbonic acid when the animals 

iled & per cent carbon dioxide, but observed no changes in bone sodium. 
lerbes and eo-workers*® were recently able to show only small to moderate 
¢nges in bone sodium in adult cats with acidosis. The magnitude of these 
ves did not correlate with degree of acidosis, extracellular fluid sodium, or 


int of aeid infused. 


In marked contrast with animal data of the tvpe summarized above, there is 


ally no direct information on the changes in human bone electrolyte compo- 


SI in clinical states which might parallel the animal experiments. Bergstrom® 
al ies to bone analyses in human acidosis but does not give data or references. 

Vertainly, the present views of the microstructure of bone erystals provide 
as vong theoretic foundation for the expectation that adsorption, substitution, 


anc interehanges of important ions occur at the erystal surface.2 © 2°?" Sueh 
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surface phenomena would require no distortion of internal crystal lattice 
structure and would provide an excellent setting for exchange of important i0ns 
in response to changes in the extracellular fluid concentration. 

Moreover, bone sodium and potassium are promptly and significantly ex 
changeable with their respective radioisotopes. Thus, 35 to 45 per cent of the 
total skeletal sodium has been found to be exchangeable in man’ '® and dog" 
and as high as 69 per cent in the rabbit.** These figures would fit well with the 
earlier estimates of Harrison and co-workers that one third of total body 
sodium was associated with bone salts. Ilowever, except for the studies of 
serestrom!’!! and Levitt,'? the magnitude of the changes observed even in the 
animal experiments is well below what might be predicted from the figures on 
exchangeable sodium. 

The present study indicates that exchangeable sodium of bone is in reality 
not readily available in the majority of patients with a variety of disorders 
which theoretically would be expected to call upon this reserve. Even in the 
two patients with chronic severe acidosis (W.L. and H..J.) the bone sodium 
was reduced only 12.5 and 23.7 per cent respectively—well below the 45 per 
cent total exchangeable sodium. In these two cases, the conclusion appears 
reasonable that bone sodium ion did partake in exchange with hydrogen ion as 
a response to metabolie acidosis. Thus, some direct evidence is provided that 
bone may partake with other tissues in the buffering of hydrogen ion as sug 
gested in nephrectomized dogs and in the normal human with ammoniun 
chloride acidosis.*°-* Bone ealeium in all eases of acidosis studied was normal, 
though it is well known that in prolonged acidosis this mineral may be severel) 
depleted in bone. It may be that other factors, i.e., parathyroid overactivity 
longer duration of acidosis, ete., are neeessary to effeet changes in bone caleiw 
in acidosis. Thus, it appears, as has been emphasized already,’ that “ex 
changeable” and “available” sodium may not be physiologieally identica 
entities. The equilibrium demonstrated by radioisotope dilution between extri 
cellular fluid and bone electrolytes may be difficult to displace in either direction 
except under very stressful circumstances. 

There is not sufficient evidence in this study to permit conclusions wit 
regard to the effect of metabolic alkalosis on the ionie constituents of bom 
Only one patient in this eategory was studied and here the bone sodium, ealeiw 
and phosphorus were not significantly affected. 

Some of the disparity between the results in most of the patients wil! 
acidosis studied here and the data in rats may be attributable to the facts t] 
the magnitude of the acid load and the acuteness of the experiments were 1 
precisely paralleled in any of the clinical material. Species differences and t \ 
relatively young age of the rats may also be important, since the amount of + 
changeable sodium varies in different animals**-** and the activity of the osteo 
declines with age.* 7. Further, in the animal data, hyponatremia and acido-is 
were common denominators, whereas this was so only in our two patients w 10 


4 


did satisfy theoretic expectations. 
A recent study has demonstrated an increase in total body sodium an ‘ 
linear relation between serum CO, and exchangeable sodium in patients w th 
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respiratory acidosis.*° Two of the patients presented here who had hypereapnia 
and high serum CO, combining power showed rather high bone sodium values. 
It is conceivable that under these conditions sodium may enter bone. There was, 
however, no linear correlation between serum earbon dioxide and bone sodium. 
Our data would indicate that in chronie pulmonary insufficiency some portion 
of this total exchangeable sodium may be present in bone, but that this is not 
invariably so. 

It has lone been reeoenized that there is diminished exeretion of sodium in 
congestive heart failure. An inerease 


n total body sodium in patients with 
congestive heart failure with edema has been demonstrated*' and in eardiae 
patients without edema*? as well. In the presenee of edema, the retention of 
total body sodium is out of proportion to the retention of water. Analysis of 
the sodium eontent of a number of organs in patients who died from con- 
gestive heart failure shows a particularly marked inerease in the renal cortex.** 
Theoretically it might be expected that some of this retained sodium would be 
found in bone. Ilowever, the present study failed to demonstrate any signifi- 
cant inerease in sodium in the bones of patients with heart disease whether or 
not they had edema. 

The present study does not provide any additional information in the 
inderstanding of the altered physiology in the hyponatremia which oeceurs in 
congestive heart failure and in other chronie illnesses. As is well known, hypo- 
natremia may be associated with dilution of body fluids and retention of sodium 
or it may be due to excess loss of sodium. Balance studies during the develop- 
ent of hyponatremia in patients with cardiae disease have re-emphasized the 
mmplexity of internal redistribution of cations in this disease.** Patients in 
is series who had serum hyponatremia together with edema and would, there- 
re, be expeeted to have high total body sodium did not reveal any changes 
the bone sodium. This study would indicate that tissues other than bone are 

sites of sodium retention. 

On the basis of present theoretic concepts about the function of bone, it 

suspected that in certain other diseases bone sodium content might be affected. 
is, in long-standing chronie illnesses, like malignaney with malnutrition and 
reased intake of food and electrolytes, serum hyponatremia often occurs. 
letion of bone sodium was not observed under these cireumstanees. Like- 
electrolyte disturbances, particularly hypochloremia and hyponatremia 
known to oecur in both aeute and echronie infections. In this study there 
no associated changes found in bone sodium. 

There were a number of patients with hypernatremia in this series. Con- 
to what would be expected from sodium loading experiments in animals, 
was no demonstrable increase in bone sodium under these cireumstances. 

site of retention of excess sodium probably oceurred in tissues other than 


lhe general failure of the data in this study to show a significant correla- 
between bone and serum sodium in a variety of patients with extracellular 


and electrolyte disturbances appears to challenge some of our present 
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concepts of a free ionie interchange between these phases in the human. Avail- 
able sodium and exchangeable sodium are probably not identical and the bone 
sodium may be closely bound to the erystalline phase and relatively unavailable 
as predicted some years ago.” Further, there is evidence that while the uptake 
of radiosodium by bone is rapid, its mobilization may be very slow.*' Radio- 
isotope activity is known to vary from bone to bone and from site to site in 
the same bone.*! 

Likewise there is a loss of erystal surface and osteone activity with in 
creasing age* *! and it may be that bone electrolyte shifts will be more important 
in infants and children than they appear to be in adults. 

The tibial cortex may be less active than that of other bones, although there 
was no real difference in bone sodium in other sites. Further, the bone sodium, 
ealeium, phosphorus, and potassium content was found to be identieal at differ 
ent levels in the same specimen so that site variations within the same bone do 
not appear likely. 

Further data are undoubtedly needed, particularly in children, in patients 
with alkalosis, more prolonged acidosis and endoerine disturbanees, ete. in order 
to examine further the dynamie functions of bone. Serial studies employing 
biopsy techniques®’ in patients with fluid, electrolyte, and acid-base disturbances 
may prove to be helpful in improving our understanding of the degree of bone 
participation in electrolyte metabolism. 

Further data in our laboratory on the magnesium, citrate, carbonate, and 
chloride content of human bone likewise show no significant variations in a wid 
variety of pathophysiologic states. 


SUMMARY 


Direct determination of the mineral content of tibial cortex was carried out 
on specimens from a group of fifteen patients who died unexpectedly or who 
underwent orthopedic procedures. The mean values per gram of dry bon 
were: sodium, 262 ,»Eq, ealeium, 10.2 mEq., phosphorus, 107 mg., and 
potassium, 15 «Eq. These levels were in close agreement with the results 
obtained in other recent investigations. 


Sixty-nine specimens were similarly examined from patients who died fro! 
a variety of clinical disorders—heart disease, renal disease with acidosis, hyper 
capnia, malignant disorders, infeetions, aeute abdominal emergencies, and 
miscellaneous diseases. In most of the diseases studied, there were no marked 
or consistent variations from the control data. In the ease of severe ehronic 
acidosis and in hypereapnia, there may be significant transfers of sodium between 
the extracellular fluid and bone marrow. 

There was no evident correlation between the level of bone sodium and t!ic 
corresponding level for serum sodium or serum earbon dioxide combining pow 
except in two instances where hyponatremia and acidosis were combined. 

Levels of bone calcium, phosphorus, and water were not altered apprecia! |) 
in any of the patients studied, exeept for high phosphorus determination in «ne 
patient with chronie acidosis. 
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The implication of these data for the present theoretie formulations of the 
mineral reservoir funetion of bone are examined. Evidenee is adduced that 
somewhat modifies the existing notion that bone is an easily available source 
of electrolytes in normal mineral metabolism and in clinical states characterized 
by electrolyte depletion and disturbances of acid-base balanee. 


We wish to express our thanks to the following physicians for their cooperation in 
the procurement of bone specimens: E. V. Olmstead, F. Knocke, and R. Henderson—all 
if the Hunterdon Medical Center—and to the following staff members of the same institu- 


tion: S. Barol, M. Skeen, I. Pierandrei, and G. Williams. 
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This procedure is based on the 
ermination of the hepatie clearance and extraction of the dye sulfobromo- 
phthalein sodium (BSP). Serious errors are introduced, however, when the 
Jasma is turbid or contains inereased amounts of bilirubin or hemoglobin. 


lnder these conditions, the coneentration of sulfobromophthalein sodium cannot 
accurately determined; it is virtually impossible, therefore, to measure hepatic 
od flow in the presence of lipemia, jaundice, or hemolysis. 


The dye, rose bengal, may be of value in these situations. This compound 
been suggested as a suitable substanee for the estimation of hepatie blood 

‘ When labeled with radioactive iodine, it ean be detected readily and 
great accuracy regardless of the state of the plasma. Therefore, simul- 
ous estimations of hepatie blood flow by means of I'*'-labeled rose bengal 


sulfobromophthalein sodium were undertaken in man and in dogs to 


line the possibility of using the radioactive compound for hepatie blood 
measurements, 


METHODS 
Studies were conducted on human subjects and anesthetized dogs (pentobarbital 
kilogram) after 


Cournand 


JU mg. per an overnight fast. <A needle was placed 
brachial or femoral artery and a hepatic vein was catheterized under fluoroscopic 
hepatic vein was uniformly used 

eatheterized in dogs. 


heparinized saline. 


A right 


in man, whereas both right and left 
veins were 


The catheter lumen was kept patent by a slow 
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ipported by grants-in-aid from the United States Public 
\ssociation, and Dallas Heart Association 

irt of this work has been published in abstract form. 
seceived for publication Nov. 18, 1959. 
Istablished Investigator of the 


Medicine, The University of Texas Southwestern 


Health Service, American 


American Heart Association. 


v 


Qf 
vl 











4) 




































4 
‘uljnsul jo uoI}BIISTULWUIpB Sulinp Suo!ywAlesqo XIS§ 
UolIVBAyUVds PI1a4IR 
‘OOT X wey a ’ uolnorayxat 
UOIPRAWUBDUOD SNOUGA onedey — Uo!Ve1yUO U0D [BWIA WY 
‘gsyojoul arenbs ul Ble goujing = “V'S+ 
‘srsounaguoyodsd “D Lf ‘ uotsuaqed AY [BIUISSY om “ss o1yRes90 
-uvd jo BIUOUTOIBO a SISOULIO S0UUB YT “rf + Wus}o4o RHR O1UOdY? “A “= snyiupeul & yoqeip “AM ‘Yo: SIAySBs aynoe “Dp Lf * 
ey] 
aSvs0an dnoiy 
“o-cx'0 Coa los & 
610 cro O'or 680-280 oOgl t LS'T IK Le ey 
TN LUIT-TOT I ols 09 & 
= 66'0 60 T9800 6 aL L006 6'so'C 6I st'O a aL0-99'0 Oct £ Jl ‘a 0 
eS JTL 981-660 OFY 61¢ s" G tO OF oc I-Leé | ocl Jl ied 
5 c6'0 LEO COO r r'O O'f $6'0-F8'0 Oct IX ie 
o) cor Stt-ss0 tr C0 oe S'1t-c’'6a 08°0°89°0 oct IX “I Tf 
FIT Ga l-160 j og LLU T-€88 °G6-0'38 39'0-6F'0 ocl IN “MOU 
OOT 90'T-F6O E'FE-8 Co b'O O't eG0'atas I ess gcc LEO ocl AY ‘ oO TL 
aDV AONVU LONVU ‘NIN on LONVU 1ONVU LONVU) “DOW ) Xas aDV , DNOLL 
“UMAV 1h yn) aAW1ud "NIN / "IN Wy Vy “DW aAWINd -Vd 
qu 1 i Jt tNOLL {LVu ida {NOL ‘INOO LLVu ) 
isa WULXA | NOISOA WULXY “LUV NoIsod “ON 
dst NI NI 
IVONGM GSOU da 1TadvT-retl WOIdOS NIWTVI HdOWOudOs TAS 
WAG NIPIVHLHdONO: IS GNV ‘IVDNAG, ASOY aaaav'}-rer, Ad NVIN SI WOT Goole ILVdap{ dO NOSTUVINOD SQOANVLIONIS ‘] W14dVL 
Lt 





PLOW 


LOOD 


HEPATIC ] 


OF 


ESTIMATION 


SNOUBAPRIAUI 





COO'O 
MeARB dn 











1 
dSd ddH 





1OW 





ayy 








NV 


Ha 
1 


NIM 


IVHLHdONOUHOATANS UNV 


PAJOSade 
jur aay 
OAS 


UOISHJUL UlPNsuUl 
SUOTPBALIaASGO ’ “? AOC] epeeuua 











Ss [BAY Bod ‘8 BOC] stuna 


1Uu 









SIL 
; LCt 
OFC -#Ct 
LS6 CLs 
COLO LOLS 
POT 


Qe 


















PLS SO°O°SE'O 96°0 
[ZZ SP'O-UF 0 lol 
LONVU LONVU *NIW 
“NIN/ “IN Y) Yy “DW “DIN 
Eeeee! NOL aALVU NOL INOVD LLVu 
WVULNY | NOIS.IANI OVULNY “LUV SOANI 
VON M OWT T-tet] WIIdOS NIM IVEALHdOWNOUKONT 








"[-tet] AW SDO(T NI A 














iJ doo'lg OLLVday] 





S [BAvoORIOd 


td 
) SNOS 
“lYVdINOO 











[nsul Sulunp suor 


IUVdWOD SNOANVLTANIG 











uByNql[o} 
BAJOSqO © s0q+ 
[ey1odoi0wlay [ 30d, 








ji OL 
a 6 
u 8 
u l 
u 9 
u ¢ 
J P 
"I Cre ¢ 
“a 0°06 G 
a L’st a 

Gaza ‘OM) | ‘ON DOG 

aHLVO 

aol 


‘II ATav, 








540 COMBES J. Lab. & Clin. Med 
October, 1960 


Arterial and hepatic venous blood samples were collected simultaneously at 10-minute 


intervals 20 to 40 minutes after priming doses and constant intravenous infusion of 
sulfobromophthalein sodium and I[151-labeled rose bengal* had been started (quantities ad 

nistered listed in Tables lI and Il). Blood samples were placed nto tubes which cor 
tained powdered heparin and plasma was used for subsequent analyses. 

After addition of 0.1N KOH, the optical density due to sulfobromophthalein sodium 
was determined in duplicate on eaeh plasma sample by reading against a plasma blank 
diluted to the same extent with alkali in a Beckman DU spectrophotometer set at 575 mu. 
The concentration of sulfobromophthalein sodium was determined from a standard curv 
set up in each study by the addition of known amounts of sulfobromophthalein sodiun 
to the subject’s own plasma, which was obtained before dye had been administered. 

Plasma radioactivity was measured in duplicate on 1 ml. samples in a deep-well 
scintillation counter. The coefficient of variation of the mean value of duplicates fron 
group average was 0.52 per cent over the counting ranges encountered in these studies. 

The quantity of sulfobromophthalein sodium and 1131-labeled rose bengal administered 
per minute was calculated from the infusion rate and the respective concentrations of thi 
infused substances. 

Hepatic blood flow was estimated for each compound from data interpolated midway 
between two successive determinations of arterial and hepatic venous sulfobromophthaleit 


sodium concentration and radioactivity by the formula: 


: . [ + AP @ PV 100 
EHBI ° 
P-H 100 Het 
vhere EH BF estimated hepatie blood flow in milliliters per minute. 
BSP [131 RB 

I quantity of infused substance mg./min. counts /minute/minute 
P arterial concentration mg./ml, counts ‘minute/ml. 
H hepatic venous concentration mg./ml. counts/ minute /ml, 
\P change in arterial concentration me. /ml./min, counts /minute/ml. /minut 
PV plasma volume in milliliters caleulated from the arterial hematocrit and total bl 


volume which was estimated to be 80 ml. per kilogram in man and 9 per cent 


body weight in the dog. Het arterial hematocrit. 


RESULTS 
The data obtained in seven patients and in ten dogs are summarized 
Tables I and II, respectively. The range of values has been listed in order 
indicate the spread over which comparisons of hepatie blood flow were mad 
The ratio KIB psp: EKHBEY RE approached unity over a wide range 01 
hlood flow values and of arterial sulfobromophthalein sodium concentration 
In man (Table I), the combined average of the ratio EHB psp: EH BEY 
was 1.03 with a range of 0.79 to 1.56 in a series of 44 simultaneous co: 
parisons of hepatie blood flow. In dogs (Table II), the combined aver 
of this ratio in 67 comparisons was 0.995 with a range of O70 to | 
The relatively wide spread of the ratio EHBF psp: EU BF 'p, was the © 
sequence of a few divergent results; most of the ratios were close to uni 
Thus (Table II1), in man 63.6 per cent of the comparisons agreed within 


+10 per cent and 81.8 per cent within +20 per cent. Likewise, in dogs 6) .2 
per cent of the comparisons were within +10 per cent and 88.1 per cent within = 20 


per cent of unity. Sueeessive values for hepatic blood flow as determin 4d 


*I"31_labeled rose bengal was purchased from Abbott Laboratories. 
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1 


by either I 


‘labeled rose bengal or sulfobromophthalein sodium were observed 
to vary. Sueh variation was of the same order of magnitude with either sub- 
stunee, however, since there was no statistically significant difference between 
the Two 


LIT. DEVIATION OF INDIVIDUAL COMPARISONS 


OF SIMULTANEOUS MEASUREMENTS Of}! 
Ilepatric BLoop FLOW By St 


FOBROMOPHTHALEIN SODIUM AND 11°1-LABELED 
ROSE BENGAL FROM 100 PER CEN1 


HUMAN 10GS 
of 
c NO, NO. 
MEVIATIO COMPARISONS “ COMPARISONS Y// 
+10) 28 63.6 3) 64.2 
>i) 36 S18 59 SS] 
+30 13 Q7.S8 64 95.5 
al No mpari 
sons 14 67 


Where alterations in blood flow were induced, they were detected bv both 
sulfobromophthalein sodium and_ I'*!-labeled 
Dow > io ] 


rose bengal. For example, in 
after two control measurements of hepatie blood flow, 1 Gm. 


tolbutamide was administered intravenously over 3 minutes. After this, 


ensued. Hepatie blood 

ow as measured by sulfobromophthalein sodium rose from 817 ml. per minute 

peak of 1,244 ml. per minute and then progressively fell. 
ere followed closely by the I°*!-labeled rose bengal method. 


progressive fall in arterial glucose coneentration 
These changes 


DISCUSSION 


The validity of Bradley’s sulfobromophthalein sodium method for measur- 


e hepatie blood flow has been well established.®:® Therefore, sulfobromo- 


thalein sodium was used as the reference substance for comparison of hepatic 
0d flow values as estimated by I 


-labeled rose bengal. Mendeloff,? Cohen,® 
qd their 


respective associates have demonstrated that sulfobromophthalein 
lium interferes significantly with the hepatie uptake of rose bengal. 


val, 
ent. 


Rose 
In turn, affects uptake of sulfobromophthalein sodium to only a minor 
These observations do not invalidate measurements of hepatie blood 
when both substances are infused simultaneously, however, provided that 
hepatie removal rate and hepatie extraction of both sulfobromophthalein 
ium and rose bengal are determined. 


Simultaneous measurements of flow by sulfobromophthalein sodium and 
labeled rose bengal agreed closely over a wide range of values. Agreement 
observed not only in humans and dogs with normal hepatic function and 
ntaet splanchnie vasculature, but also in a patient with Laennece’s cirrhosis 
ient J. T.), and in dogs with a femoroportal portaeaval shunt (Dog 1) 
a portocaval shunt (Dog 8 This close agreement persisted even when 
ations in hepatic and splanchnic hemodynamics and metabolism were in- 


d by intravenous administration of insulin or tolbutamide. On the basis 


ese observations it is apparent that [*'-labeled rose bengal is a satisfactory 
‘tance for the measurement of liver blood flow. 
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Fig. 1.—Simultaneous measurements of hepatic blood flow by means of _ I*!-labeled 
rose bengal and sulfobromophthalein sodium were obtained before and after the intravenou 
administration of 1 Gm. of tolbutamide to Dog 3 In association with the progressive 


fall of arterial glucose concentration, hepatic blood flow as measured by sulfobromophthaleir 
sodium increased from 817 ml. per minute to a peak of 1,244 ml per minute and_ ther 
fell progressively These changes were followed closely by the I-labeled rose benga 
method 


The [?*-labeled rose bengal method has distinct advantages. Sinee radio 
activity is measured, pigments and turbidity in plasma do not interfere wit! 
accurate determination. It should be possible, therefore, to estimate hepatic 
blood flow in the presence of lipemia, hemolysis, and jaundice, conditions in 
which the sulfobromophthalein sodium method cannot be used beeause of in 
ability to measure the concentration of dye aceurately. In addition, th: 
sensitivity of radioactive counting equipment permits the collection of sma 
blood samples for estimation of I'*' concentration. This is particularly valuab! 
in studies when frequent measurements of hepatie blood flow over a prolonge: 
period are desired. Thus, one half to one third as much blood is requir 
for measurement of hepatic blood flow by I'*-labeled rose bengal as wit 
sulfobromophthalein sodium. In recent studies,® the I'’*!-labeled rose beng 
method has been simplified further. The blood samples are collected in h¢ 
arinized tubes and then hemolyzed with saponin. Radioactivity of the hemolyza 
is measured and hepatie blood flow is caleulated directly from these data. 

The quantity of radioactivity that need be infused in man is not excessi\ 
A total dose of less than 100 pe would be administered if a 5 we prime and 
constant infusion of 0.5 pe per minute were administered over a period of 


hours, during which time repeated measurements of flow could be obtain: 
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SUMMARY 


Simultaneous measurements of hepatie blood flow were made in man and 


in dogs by the hepatie clearanee-and-extraction method using sulfobromophthal- 


ein sodium and I'*!-labeled rose bengal. The combined averages of the ratio, 


estimated hepatic blood flow as measured by sulfobromophthalein sodium to 


estimated hepatic blood flow as measured by L’*-labeled rose bengal, under 


variety of circumstances were 1.03 for 44 comparisons in man and 0.995 


for 67 comparisons in dogs. Such data indicate that L°'-labeled rose bengal 


Is 


a satisfactory substance for the determination of liver blood flow. 


I am indebted to Dr. Mitchell Young, Mrs. Mary Hamilton, and Mrs. Ruthie 


Rose for 


eir valuable technical assistance. 
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SERUM HEXOSAMINE CONTENT AND URINARY ACID MUCO- 
POLYSACCHARIDE EXCRETION IN HEREDITARY 
PRIMARY AMYLOIDOSIS 


CuHar.es E. Jackson, M.D., WALTER D. Bock, Px.D.,* ann W. C. Ratuirr, A.B. 


BLUFFTON, IND. 


Serum hexosamine levels by the Elson-Morgan technique were found to 
be normal in eleven patients from a previously report d family with hereditary 
primary amyloidosis. Urinary acid mucopolysaccharide excretion measured by 
the method of DiFerranti and Rich in eight of these patients was also normal. 
Paper electrophoretic strips stained by the modified Schiff reaction revealed no 


consistent difference between the pattern of normal and amyloid serum, 


NE characteristic of amyloidosis is deposition in the body of amyloid, 
O believed to be chiefly a mucoprotein. Hydrolysis of the mucopolysaccharide 
moiety of this mucoprotein yields the hexosamine, glucosamine,’ which Faber* 
and Calkins and Cohen,’ have reported to be elevated in the serum in a study 
of a small series of patients with amyloidosis. Giles and Calkins* have also 
reported elevation of serum hexosamine in experimental amyloidosis. The 
presence of an atypical protein peak between alpha, and beta globulin fractions 
when serum from patients with hereditary primary amyloidosis was subjected 
to electrophoresis was reported by Rukavina and co-workers.° Some muco 
proteins are known to migrate in the same electrophoretic area as the observed 
atypical peak at pH of 8.6. 

The finding of abnormal levels of serum glucosamine or increased urinary 
excretion of mucopolysaccharides would be extremely important in the clinical 
diagnosis of this disease. Therefore, these compounds were determined in a 
series of patients with hereditary primary amyloidosis who were members of 


a previously reported large family with amyloidosis.° 


MATERIALS AND METHODS 


Fasting blood specimens were obtained from normal subjects and from 11 patients 
with proved amyloidosis or amyloidosis suspected on the basis of clinical findings and 
relationship to patients with the disease. Three consecutive 24 hour urine specimens wert 
also collected from 8 of these patients. Urine creatinine determinations were made as a chee 
of the accuracy of collections. 

Serum hexosamine content was determined by the method of Elson and Morgan. 
The serum was subjected to paper strip electrophoresis by the method of Block an 


collaboratorss at a pH of 8.6, and the paper strips were stained with a modified Schifl 

From the Biochemical Laboratories of the Caylor-Nickel Research Foundation, Blufftor 
Ind 

teceived for publication Nov. 23, 1959. 

*Associate Professor of Biochemistry, Department of Dermatology, University of Michigan 
Ann Arbor, Mich. 
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reagent.9 Free electrophoretic studies of the sera at a pH of 4.5 were performed to 

letermine the amount of mucoprotein present by the technique of Mehl and associates.10 


Acid mucopolysaccharide excretion was determined by the method of DiFerranti and Rich.11 
RESULTS 

Serum.—Serum hexosamine content in both the normal subjects and the 
patients with hereditary primary amyloidosis is given in Table I. Values for 
the control subjects ranged from 68.2 to 114.5 mg. per cent with an average 
of 91.3 mg. per cent; those for the patients with amyloidosis ranged from 83.0 
to 128.1 mg. per cent with an average of 102.7 mg. per cent. The paper 
electrophoretic strips stained by the modified Schiff reaction revealed no con- 
sistent abnormality. At a pH of 4.5 free electrophoresis of serum from the 
patients for mucoprotein showed prealbumin peaks similar in amount to those 
obtained with normal serum. 


BLE IT. SERUM HEXOSAMINE CONTENT AND URINARY ACID MUCOPOLYSACCHARIDE EXCRETION 
IN HEREDITARY PRIMARY SYSTEMIC AMYLOIDOSIS 


ACID MUCOPOLYSACCHARIDE EXCRETION 


SERUM HEXOSAMINE CONTENT (MG. % (MG./24 HR.) 
CONTROL AMYLOIDOSIS CONTROI AMYLOIDOSIS 
68.2 83.0 2 08 2 O08 
81.9 87.5 2.83 2.76 
82.2 91.0 2.92 3.25* 
84.2 92.2 3.50 3.52 
89.0 101.3 Ste 3.80* 
90.9 103.8 3.83 4.30 
97.8 104.1* 1.67 6.82 
99.9 110.4 5.06 8.41 
104.2 111.9 8.44 
114.5 115.9 
128.1* 
erage 91.3 102.7 1.12 4.37 
68.2-114.5 83.0-128,1 2.08-8.44 2.08-8.41 
Diagne of amyloidosis confirmed by pathologic findings in these patients 
Urine-—Exeretion of acid muecopolysaececharide by the control subjects 


nged from 2.08 to 8.44 me. per 24 hours with an average of 4.12 mg.; those 
‘the patients with hereditary primary amyloidosis ranged from 2.08 to 8.41 


r. per 24 hours with an average of 4.37 mg. (Table I). 


DISCUSSION 


Serum glucosamine values have been reported to be elevated in amy- 
losis, but the data from the present study indieate that in hereditary 
nary systemie amyloidosis no such elevation oeeurs. Calkins and Cohen® 
nd elevation of serum hexosamine above 120 mg. per eent in eight of nine 
ients with primary amyloidosis. The ninth patient without elevation was 
ight to have the familial variety of primary amyloidosis. These findings 
zht suggest that there is a difference in serum hexosamine level between 
‘tients with the hereditary type and those with the nonhereditary type of 
mary amyloidosis. This possibility needs further elucidation. 
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The finding of normal acid mucopolysacearide excretion in these patients 
does not exelude the possibility that some specifie mucopolysaccharides might 
be exereted in abnormal amounts in hereditary primary systemic amyloidosis. 
This possibility is being studied further. 


SUMMARY 


Patients with hereditary primary systemie amyloidosis had normal levels 
of serum glucosamine and urinary acid mucopolysaccharide excretion. Electro 
phoretie strips stained by the modified Sehiff reaction revealed no consistent 


differenee between the pattern of the sera from patients with amyloidosis and 
normal subjects. 
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DISTRIBUTION OF RADIOACTIVITY IN MAN AFTER THE ORAL 


INGESTION OF SMALL TEST DOSES OF 
RADIOLABELED CYANOCOBALAMIN 


ALFRED DOSCHERHOLMEN, M.D.,* Paunt R. Frsuey, M.D., 
AND Pau. S. Hacen, M.D. 
MINNEAPOLIS, MINN, 


With THE TECHNICAL ASSISTANCE OF LOIS OLIN 


This study was made to determine the distribution of orally ingested doses 
of radiolabels d cuanocobalamin of physiologic Size in the presence of intrinsic 
factor. Test doses were administere d to se riously ill patie nts and. in eleven 
subjects who died 2 hours to 113 days later, the radioactivity of various organs 
was measured. There was a te mporary storade of vitamin B in the wall of the 
small intestine, The most rapid transfer of the itamin to othe r organs occ urred 
between hours 7 and 24 with a more aradual transfer subsequently. In the 
majority of the patients the ileum was the most important site for the temporary 
storage of radioactivity and presumably fo the absorption of cuanocobalamin. 
The live Te sple en, and hk dine “Us had app orimate ly the Sane CONnCE ntrations of 
radioactivity during the first 2 days, then the concentration increased in the 
liver while it decreased in the spleen and the kidneys. {bsorption of vitamin 
B e was impaired shortly before death even in the prese nee of ade quate amounts 


of int? imsic f for. 


pegs radioactivity curves made after the oral administration of small 
test doses of radiolabeled evanocobalamin have shown a unique pattern 


» 


iracterized by a delay of 3 to 4 hours before the appearance of significant 


dioactivity with peak coneentrations in the 8 to 12 hour interval.’ 


juent absorption studies on blood from the portal vein, in patients with 


tacaval shunts and in patients who had undergone ileostomies and _ total 


ctomies, have indieated that the wall of the small bowel was responsible for 


delayed appearance of radioactivity in the plasma.® These observations 


to the conelusion that the wall of the small intestine serves as a temporary 


ge organ for cyanocobalamin during its absorption from the gastrointestinal 


Sinee this conclusion was drawn from indirect evidence the purpose of 


present study was to make direct observations on the distribution of radio- 


ity at differing time intervals after the oral administration of small doses of 


abeled cyanocabalamin in the presence of intrinsic factor. The test doses 


“rom the Veterans Administration Hospital, and the Departments of Medicine and Pathol- 


niversity of Minnesota Medical School, Minneapolis, Minn. 


teported in part at the Congress of The European Society of Haematology in London, 


ber, 1959. 
ceived for publication Dec. 3, 1959. 
Veterans Administration Clinical Investigator. 
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were administered to seriously ill patients and, whenever postmortem examina- 
tions were obtained, the distribution of radioactivity in the gastrointestinal 
tract and other organs was measured by direct counting. Particular attention 
was directed to details of the distribution of radioactivity in the small intestine. 
Results have been obtained in eleven subjeets who died 


from 2 hours to 113 
days after the ingestion of the radiolabeled vitamin. 


MATERIALS AND METHODS 


An oral test dose of 0.56 meg. of cyanocobalamin which contained 0.5 pe of Co6°* was 
idministered in 20 ml. of water after an overnight fast in five patients and between break 
aust and noon in six. Because the status of intrinsie factor production was unknown in the 
ubjeets, one standard unit of intrinsie factor concentrate (IFC)t was always added to the 
abeled cyanocobalamin immediately before the tests. The radioactivity was determined on 
eighed samples of liver, spleen, kidneys, pancreas, lungs, heart muscle, pectoralis muscle, 
nd rib. The wet tissue samples were placed in 20 ml. disposable vials and counted in 
ell-type scintillation counter® employing a preset count of 12,800. 
xceeded 3 times the standard deviation of 
gnificant. Total organ radioactivity was calculated from the activity of the samples and 
e wet weights of the respective « 


a 





Seven counts per minute 
the background and, therefore, were considered 


reans, 


In the ease of the skeleton and skeletal musculature, 
ever, the activity was calculated from their estimated weights, namely 13.2 per cent of the 
dy weight for the skeleton and 89.7 per cent for the musculature.?7/ The gastrointestinal 
ct was rinsed with running tap water and, starting from the pylorus, the small intestine 
ut into 1 foot segments which were counted individually. 


S The total radioactivity of the 
all intestine was the sum of the counts of these segments. In some instances the activities 

stomach and 1 foot segments of ascending, transverse, and sigmoid colon, respectively, 
re obtained in a similar manner. 


RESULTS 
Table I summarizes the results of the studies. Comparison of the radio- 
tivity of the small intestine with the total visceral radioactivity shows that 
he three patients who died during the first 7 hours after the tests, virtually 
of the viseeral counts were found in the wall of the small bowel. However, 
24 hours the radioactivity of the small intestine had dropped to 30 per cent 
| by 42 hours to 28 per cent of the total visceral counts. A further decline 
etween 5 and 13 per cent was recorded 85 to 309 hours after the tests, and 
«tween 1 and 2 per cent in the two subjects who died 724 and 2,724 hours 
ingestion of the vitamin. 





> 
l 


In the 6 subjects who died during the first 85 hours after the tests the 
| organ radioactivity ranged from 1.4 to 20.9 per eent of the ingested dose 
ompared to 31.7 to 56.8 per cent in those who died later. These figures 
cated an impaired absorption of the vitamin shortly before death. 


Details of the distribution of radioactivity in the smail intestine are shown 
ig. 1. For comparison, in each case the organ was divided into 10 equal 
and the radioactivities of the corresponding 1 foot segments were assigned 
opriately. The radioactivity of each tenth was then expressed as per cent 
's respective whole. The radioactivity was usually distributed unevenly. 
Co™-labeled vitamin Bi, supplied by Dr. N. S. Ritter, Merck & Co 


, Inc., Rahway, N. J. 
Intrinsic factor concentrate standard supplied by Dr. Paul J. Fouts, Eli Lilly and Com- 
Indianapolis, Ind. 
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The ileum showed preferential storage of radioactivity in seven of the subjects, 
the jejunum in two, whereas an even or almost even distribution was recorded 
in the last two patients in the series. 

Table Il summarizes the distribution of radioaetivity in the liver, spleen, 
kidneys, panereas, lungs, and heart of the last eight subjects. The calculated 
total organ radioactivity (.A) as well as the concentration of radioactivity in 
each organ (B and C) has been considered. The first three subjeets in our series 
are not included because, as indieated in Table I, the measured radioaetivits 
of their extragastrointestinal organs was too negligible for reliable calculations 
Comparison of lines A shows that the liver contained from 75 to 93 per cent 
of all the extraintestinal activity and was, therefore, the most important singel 
organ for the permanent storage of cyanocobalamin. 

The radioactivity of the extraintestinal organs was also compared on th 
basis of concentration. Because of the great individual differences in the total 
amounts of radioactivity observed (lines B), the comparison was made easiet 
by using the relative concentration figures (lines (). For the spleen and the 
kidneys these figures were at their maximum at 24 and 42 hours and _ they 
did not differ materially from those of the liver. The values for the spleen 
and the kidneys subsequently decreased, whereas those for the liver inereased 

The amounts of radioactivity found in the musculature and the skeleton, 
Table I, and in the stomach and colon, Table III, were rather small and 
inconsequential. 


TABLE LIT. RaApIoAcTIvITy OF STOMACH AND 1 Foot SEGMENTS OF ASCENDING, TRANSVER 
AND SIGMOID COLON 


TIME INTERVAL 


C.PoM. REGAINED 
BETWEEN TEST 
SUBJECT | AND DEATH ORAL DOSE COLON 

NO HR. C.PLM. STOMACH ASCENDING | TRANSVERSE SIGMOID 
pA } 248.853 141 

3 7 235,194 533 16 28 51 
j 24 237,114 154 31 14 21 
6 SD 248,833 65 
7 115 237,497 246 83 54 76 
y 309 235,325 346 53 39 42 
10 72 247,736 138 

ll 2,724 253,538 174 


DISCUSSION 
Because these studies were carried out on seriously ill patients, there m 
be objections to generalizations from the results. However, in these patients, 
the wall of the small intestine served as a temporary storage organ for t 


radiocyanocobalamin. There was a delayed release and subsequent gradi 
transter of the vitamin to other viscera, mainly the liver. These findings e& 
firmed inferences and conclusions drawn from less direct evidence by oursel\ es 
and others.* § 


= 


The total visceral radioactivity was lower in the subjects who died during 
the first 514 days after the tests than in those who died later. In other wor's, 
shortly before death the absorption of eyanocobalamin was diminished even in 
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the presence of adequate amounts of intrinsie factor. It can only be speculated 


as to the cause of the impaired absorption. While infections may be responsible 
for a decreased absorption of vitamin By», ?° this could have been a possible 
explanation in only one subject (Subject 5, Table J 


: 























— sa iim ° 
: I 
Fig. 1 Distribution of radioactivity in the wall of the small intestine at various time intervals 
ifter the oral administration of 0.56 meg. cyanocobalamin containing 0.5 we Co.” 


Although large doses of intrinsie factor concentrate ean lower the absorption 
‘ ¢vanocobalamin in man,''' sienifieant inhibition was not noted until the 
ptimum of intrinsie factor concentrate had been exeeeded many times? Our 
ibjects did not reeeive excessive amounts of this substanee and, furthermore, 
hey all received the same dose of intrinsie factor econeentrate. Therefore, it is 
nlikely that the addition of this factor caused the lowered absorption. 

Since the gastrointestinal assimilation of small amounts of eyanocobalamin 
probably an active process of absorption, it is possible that the impairment 
this function shortly before death was related to a general deterioration 
all the vital processes in these seriously ill patients. 

An uneven distribution of radioactivity was found in the small intestine 
most of the subjects. This finding may have an important bearing upon 
controversial question as to the site of absorption of eyanocobalamin. Some 

iorts favor absorption from the upper,’* '* some from the lower small in- 
ine,’*-*° and one report suggests that the whole length of the small bowel is 
lved** as found in the rat.2?** The eategorical denial of absorption from 
upper small intestine®® is contradicted by individual instances with normal 
rption from the jejunum" or the upper half of the small intestine.’® 


If it is assumed that the vitamin is absorbed from the area of preferential 
lin 


rr 


g, in our subjects the ileum was the most important site for absorption. 


he other hand, in each of the 2 patients who died at 2 and 7 hours, respee- 
v, there was more radioactivity in the jejunum. However, the significance 
ese two observations with respect to absorption is open to further inter- 
tion. For example, negligible radioactivity was found in the extraintestinal 
is, but this may have been due to the fact that little absorption of eyano- 
amin normally takes place during the first 4 to 6 hours.** The preferential 
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binding of radioactivity in the jejunum in the patient who died after 2 hours 
may have been due to insufficient time for distribution throughout the intestine 
On the other hand, this possibilits was less likely in the ease of the patient 
who died after 7 hours because, for comparison, the subject who di d at } hours 
already had inereased amounts of radioactivity in the wall of the ileum. Thi 
finding of preferential binding in the jejunum, especially in thi patient whi 
died at 7 hours, suggests that the jejunum eannot be exeluded as an area o 
absorption at least in some patients. 

The even or almost even distribution of radioactivity along the entire lengt 
of the small intestine in the last 2 subjects who died at 50 and 115 days 
respectively, could possibly mean an even absorption from the small intestine 
Hlowever, since the small bowel contained only 0.4 and 0.5 per cent of thi 
ingested radioactivity at this time, it is more likely that the residual activity 
represented either permanent storage or utilization of evanocobalamin in the 
howel wall. 

The finding that the liver was the most important organ for the permanent 
storage of evanocobalamin is consistent with previous observations of In. viv 
radioactivity measurements as well as with the results of bioassays for the 
evanocobalamin activity of various organs.** 

Whereas an almost equal concentration of radioactivity was found in thi 
liver, spleen, and kidneys 24 and 42 hours after the tests, in the 6 subjects 
who died later the concentration in the liver was 2 to 17 times higher tha 
that in the spleen or the kidneys. Although more data are needed to by 
certain, it appears from these few observations that the spleen and the kidneys 
may play a more important role in the storage of eyanocobalamin shortly aft 
absorption than later. Such a finding suggests that newly absorbed vitami 
B,. is shifted around between the extraintestinal organs during the first f 
days after the tests. Observations made after parent ral injections of labele 
eyanocobalamin in man*” *° and in rats after parenteral’’ and oral** administi 
tion may be interpreted in a similar manner. In short, the spleen and 
kidneys may serve as an extraintestinal temporary storage site for evar 
eobalamin. 

The wall of the stomach and colon contained inconsequential amounts « 
radioactivity. This finding is in line with previous reports that vitamin B 
in physiologic amounts is not absorbed from the colon®? and that the stoma: 
inhibits the absorption of this vitamin.*' *'}** The amounts of radioaetivity 
the skeleton and the skeletal musculature must be taken as only rough estimat 
since the true weights of these organs were unknown. Furthermore, samples 
these structures might not have been representative. Nevertheless, there w« 
small quantities of radioactivity present in both musculature and bones. Thi 
findings are consistent with the observations reeorded in man after parent 


administration of radiolabeled eyanocobalamin.*' 


SUMMARY 


1. Physiologie test doses of radiolabeled cyanocobalamin were administer d 
to eleven seriously ill patients who died from 2 hours to 113 days later. 1 
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distribution of radioactivity in various organs was determined directly in tissues 
obtained at autopsy. 


2. In 3 patients who died within 7 hours of the tests, practically all of 
the viseeral radioactivity was found in the wall of the small intestine. This 
indieated temporary storage of vitamin B,. in the intestinal wall. The rate 
of transfer of radioactivity to the permanent storage organs was greatest be- 
tween 7 and 24 hours and continued thereafter in a declining manner for 
several days. 

3. The radioactivity was not evenly distributed along the entire length 
of the small intestine. Usually the ileum was the most important site for the 
temporary storage of radioactivity and presumably for the absorption of 
eyanocobalamin. However, in two instanees the jejunum showed preferential 
binding of the vitamin. 


4. The liver was the most important organ for the permanent storage of 
( radioactivity. 
o. The spleen and the kidneys had higher coneentrations of the labeled 
cyanocobalamin during the first 2 days after the tests than subsequently. 
6. The absorption of vitamin B,. was impaired shortly a a en 


n the presenee of adequate amounts of intrinsic factor. 
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A substantial dose oT 


] rous §& at d on orally in the fastina state to 
iron-deficient subjects was followed hy a ( na of th total iron bindina 
CUpae ity of the serum 1 ot 2 subjects. Return of the total iron binding 
capacity toward normal was observed aft f hours. The serum iron con 

centration was elevated. In 12 subicets th le ina of the total iron binding 
ca pac ity du 


ing tron abso ption was ASSO ith complete saturation of the 
circulating transferrin. T hie 


presence oT mechan sms wu hich 
CAUSE sudde n changes in the cones fration 


of « lating transfe rrin,. 
An explanatory hypothe sis of the ts as prese nted. The hypothesis 
considers transferrin to exist nt oO phase By one ¢ cl lating in plasma and the 

othe sequeste cd at cel 


la Sites. It S propos d that sSeqive stration 


on fadent rist f 


mau result 
om orventation of 


oO or 4 pto sat cel lar sites during 
the transferral of the ol to cells. Thus. on de ency the ei culating 
franst in mau be inereased at th rpe ( ti} seque stercd po tion, u hereas 
in hemochromatosis the 


Se may fy a 


i penn terms are used in describing the iron transport system.’ 


terms, expressed as micrograms of iron per 100 mil. are: 
im iron coneentration (Pike 
IBC 


These 
the plasma or 
or Seke), the total iron binding capacity 
and the unsaturated iron binding eapacity (UIBC). At present it is 
lion practice to measure SeFe and UIBC, and to add these two quantities 
rder to obtain the TIBC' 


which becomes an expression of the concentration 
ransterrin. 


In iron-deficient and pregnant individuals the Seke is lowered and the TIBC 
evated; in hemochromatosis, pernicious anemia in relapse, and chronie hemo- 
states, the SeFe is elevated and the TIBC remains unchanged or is lowered. 
conceptual interpretation of these variations in SeFe and TIBC has been 
lished. The problem of the mechanism of the ultimate transfer of iron 


the transport globulin to tissue cells has also remained perplexing. 


Laurell’ discussed two major concepts of the transfer of iron to cells. 
lew, based on the data of 


The 
Flexner and associates,* ° assumed that the 
ries are permeable to transferrin, and that the complete iron-transferrin 
ex leaves the circulating plasma and enters tissue cells. This view was 
m the Departments of Medicine 


ind Pathology, The 
Medical School, Dallas, 


University of Texas, South- 
Texas. 
pported by a grant from the National Heart Institute, U. S. Public Health Service. 
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considered untenable. The second concept, based on the equilibrium between 
ionized iron, iron-free transferrin, and the iron-transferrin complex in_ th 
plasma as deseribed by Granick,® indicated that the ultimate passage of iron 
through the capillary wall into cells occurred by means of its ionized form. The 
latter view was preferred by Laurell. 

In the present report we wish to consider the state of the serum iron and 
transferrin after a substantial oral dose of iron given to normal subjects in the 
fasting state, subjects with hemochromatosis, and to two series of patients wit! 
iron deficiency and hypochromie anemia. From the data it will be suggested 
that transferrin may occur in two phases and that variations in these two phases 
may explain certain relations between Sele and TIBC observed in pathologic 


states. Two abstracts of this material have been previously publishe d. 


MATERIALS AND METHILODS 


Subjects Used in the Study.—The 10 normal subjects were your 


\ ing pliys sa 
nologists in our hospital, 8 were men, 2 were women; all were in g od health and aged 20 
30 years. The 3 patients with iron excess consisted of 2 with idiopathie or endogenous lh 
chromatosis, and one with exogenous hemochromatosis (iron overload) caused by a chro1 
hemolytic anemia and more than 200 blood transfusions. Pigmentary cirrhosis o1 hemosideros 
vas demonstrated by liver biopsy in each case. Two series of iron deficient patients were us 
rhe first group consisted of 17 patients with a background of blood loss, a hypochromic aner 
and hypoferremia.? With this first group the serum iron was measured by means of the Bark: 


and Walker procedure and the UIBC was measured by means of the Schade and Carol 


procedure® as modified by Rath and Finch. 


In presenting the data from this first group,7 concern was expressed by Moorel? oy 


the accuracy of the Barkan and Walker method with rising Sele values. Thus, a second g 
of 15 patients with a background of blood loss, hypochromie anemia, and hypoferremia 
studied.s With this second group each serum sample was analyzed simultaneously for 

} methods: the Barkan and Walker method,!! the method used by Moore and associates, 
and the method of Kitzes and co-workers.! In all instanees the UILBC was measured hy 


Rath and Finch procedure,? but in 4 experiments the Feinstein radioactive method! w: 


simultaneously with the Rath and Finch proecedure.2 By analyzing tl ‘compar 


t ese comparat 
statistically it was possible to appraise the Barkan and Walker method in light of ot! 


methods, and the Rath and Finch UIBC procedure in light of tl 


e Feinstein procedure, 1 
a means of evaluating data obtained by the Barkan and Walker method 
laboratory in the first series of patients was evolved. 

ITematologic and Other Features (Table I).—One patient first series was in 
pediatric age group—male, aged 2 years. The remaining patients had ages varying betwe 
19 and 88 years (average 43). Almost two thirds of the patients were women. Of the 


patients, 25 had severe anemia (hemoglobin, 8 Gm, per 100 ml. or less), 21 reve: 
a microcytic state (mean corpuscular volume 80 yu? or less), and all had hypochromia (m: 


corpuscular hemoglobin concentration 27 per cent er less in 27). Two patients with 


cytosis (mean corpuscular volume 107 yu had reticuloeytosis and polychromatopl ilia. 


subjects of the first series had SeFe above 50 wg per 100 ml. and seven subjects had TIB¢ 
300 wg per 100 ml. or less. The other subjects of the first series and all subjects of the sé 
series (total 26) had SeFe less than 50 ug per 100 ml. and TIBC above 350 wg per 100 
total: 26 and 25 subjects, respectively Bone marrow smears were obtained in one halt 
the patients and these showed erythroid hyperplasia (normoblastic) and little or 
hemosiderin deposits. 


The white blood cell and differential counts were normal in all patients. The platé 


counts were normal in all but one patient who had idiopathic thrombocytopenia 
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etrorrhagia, All patients were afebrile. The blood urea nitrogen was measured in 11 
ge, o 26 mg. per 100 ml., average 16 mg. per 100 ml. 


us | { 
loss varies ly ! 


but in over one half of the patients it was distinctly 


ributable to st bances in the rast! intestinal tract, menorrhagia, or nl ultiple closels 
ced pregnancies, 
Plan of Experiment.—Preliminary studies indicated a hypochromie anemia, usually 


low SeFe and elevated TIBC, and low per cent saturation of the circulating transferrin. 
ne to several days later the subject received no food for 12 hours. Early the next morning 
control sample was obtained and the patient received 1.0 Gm. (first series), or 1.3 Gm. 
second series) of ferrous sulfate (FeSO,-7H.O) as granulated crystals in a gelatine capsule 


is a glass of water. Nausea and retching were common. Vomiting, however, was usually 
d and oecurred one to two hours after the oral dose. With the exception of one patient 
») promptly vomited the entire dose, all patients studied are ineluded in the present report. 
s, no patient selection was made except for the demonstration of the iron deficient state. 
normal subjects and those with hemochromatosis were handled in the same manner. At 
» 4. 6, and 8 hours for the first series, and at 1, 2, and 4 hours for the second series, 
samples re obtained and analyzed. The patient remained in the fasting state 
ighout in orde ) ep each serum sample nonlipemie and clear. 
[ethod e hemoglobin was determined by the alkaline and acid hematin methods.15, 1 
I ading vas determined = by Wintrobe’s method!7 plus the Chaplin and 
Tollisor corre or trapped plas e red cell count was determined by counting 10 
es, T platele nt s obt 1 by lireet method, 
All equipmer svringes, needles, test tubes vas scrupulously acid-washed and rinsed 
fr r to remove irot 1 
With the Bar ! nd Walker procedure the serum was separated from the clot as soon 
I is detir ( nd Tres seru as acidified and kept overnight before pro 
¢ with the development of the color. According to observations of others29, 21 this 
jure t t s ‘ | vie lds s ~ ompi rable to those of other SeFe methods. 
| | vestior t rd used v Moor ligest rw ole serun and the method of Kitzes 
nducted precisely as given in these references. Since the Moore method uses protein 
n, the ser wlobin cor t n was determined in 6 experiments. The values 
( 1 samples tested varied between 0.08 and 6.4 mg. per 100 ml. according to the 
| method as used by Crosby and Furth. 


I The mean values in the 6 experiments 
2, 2.8, 1.7, 2.0, 2.9, and 4.7 mg. per 100 ml. The amount of iron in these concentra- 
appreciably alter the results. All samples were grossly clear 


In the Rath and Finch method for UTBC the increment of iron used between readings 
0 we per 100 ml. The “breaking point” was precise. For the Feinstein method Fe59 
din the form of FeCl, with a specifie activity of about 3.0 meg. per milligram iron. 
rograms of iron and 0.02 meg. of radioactivity were added to 1.0 ml. of serum. 

Statistical Analysis.—In all experiments the differences between the zero control and the 
values of the SeFe and TIBC 


were analyzed by means of a “t” test. It was also 


ed whether the differences between the values as derived by the Barkan and Walker 
re values differed significantly from zero (“t” test 


Although all values without selection have been subjected to the statistical analysis, 
rposes of presentation and preparation 


lata according to one group showing 


of the figures a gross separation has been made 


an obvious change in TIBC, and a group showing 
eal or no obvious change in the TIBC values. 


RESULTS 


f 


omparison of Methods.—The Barkan-Walker and Moore methods for 
iron as applied to the serum samples were compared at low (50 yg per 
l.), normal (50 to 150 we per 100 ml.). and elevated (150 to 250, 250 to 
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350° pe per 100 ml.) serum iron values by analysis of variance. Using all ‘4 
point values, a significant difference was noted between the two methods (p 
0.005). This difference was due to the marked difference in the serum samples 


from 2 subjects (range for these: 54 to —107: range for all other samples : 


27 to -19). When these markedly divergent values were deleted by the use 
of Chauvenet’s principle** no difference was found between the two methods 
Dp 0.4). No difference was found between the Rath-Fineh and Feinstein 
methods for UIBC (p 0.1) when 24 samples were analyzed. The standard 
error of the Rath-Fineh method on duplieate determinations was 5.9 pe per 
100 ml. Comparison of the Barkan-Walker and Kitzes methods and the Moore 


and Kitzes methods also revealed no significant difference » 0.4 
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Fig. 1 The changes in the serum iron and TIBC as obtained by the Barkan and Walker 
tath and Finch methods are shown graphically for the normal subjects and 5 iron-deficient 


ts of the first series which depicted minimal changes 


(he analyses indicated that the results by the Barkan-Walker method for 
as used in this laboratory were as valid as with the Moore and Kitzes 

ods. Moreover, the Rath-Finech method for UIBG was as satisfactory as 

einstein method. 

(rross Description of Results.—Vigs. 1, 2, 3, and 4 depict the results without 
irse to statistical analysis. 

igs. 1 and 2 relate all results in the first series in which only the Barkan- 

‘er method for SeFe was utilized with immediate and overnight acidification 








October 
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of the serum plus the Rath-Fineh method for UIBC. In this series L Gm 
of FeSO, - 7H.O was given by mouth after the zero control value and the serum 
was analyzed for Sele and UIBC for 8 hours. 

Five of the 17 iron-deficient patients (Fig. 1) revealed minimal change in 
the TIBC at 2 to 4+ hours and thereafter (6 to 8 hours). At 2 to 4+ hours the 
decrement varied between —16 and —45 pg per 100 ml. (average —54). Thesi 
results were similar to those obtained with 10 normal subjects in whom minima! 
variations were detected (0 to —79, average, —38 pg per 100 ml.). The elevation 
in SeFe in these groups was similar: for the 5 iron-deficient subjects, the Sek\ 
at 2 to 4 hours varied from the control by +80 to +175 ne per 100 ml. (average 
+108), whereas the corresponding values for the 10 normal subjects were +5 
to +126 (average, +82 

Viewing the state of the TIBC, after the oral intake of 1 Gm. o 
FeSO, - 7H.O0 with the patient in the fasting state, from the standpoint of thy 
5 iron-deficient subjeets seleeted from a random population of 17, and of tly 
10 normal subjects, one would be tempted to conclude that the absorption o 
iron by the gastrointestinal tract does not appear to alter appreciably the TIB' 
of the circulating plasma. Despite this possibility in these subjects, one could 
also consider suggestive changes in the TIBC in this group. While the Sek: 
was elevated, the TIBC in 9 of these 15 subjeets was lowered by more than 25 

FIRST SERIES 
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Fig. 2.—The changes in serum iron and TIBC as derived in a manner similar to t 
of Fig. 1 are shown for 12 iron-deficient patients of the first series who showed a major cl ¢ 


in TIBC and for the patients with hemochromatosis. 
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SECOND SERIES 
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Fig. 3.—This figure contains the changes in serum iron and TIBC for the 10 iron-deficient 
ents of the second series, and reveal major changes as demonstrated by use of the 
erum iron methods and the Rath and Finch UIBC method. 
per 100 ml. (—30 to —-79 ue per 100 ml.) within 2 to + hours after 1 Gm. ot 


SO, +> 711.0. Sinee the maxima! intrinsie error (beeause of the nature of the 
nique per se) with the Rath-Finch UIBC procedure tends to be between 25 
| 50 »e@ per 100 ml., some of these figures may indicate a lowering of TIBC 
ne aecepts accuracy for the Barkan-Walker SeFe method as used here. 
In Fig. 2 it ean be noted that 12 of the 17 iron-deficient subjects of the first 
es revealed a distinet lowering of the TIBC after they received 1 Gm. of 
‘O, + 7TH.O orally in the fasting state. In 11 of these patients a definite 
ement oceurred at 2 hours and in 9 patients this decrement became more 
ounced by 4 hours. The only subject in the pediatric age group (aged 2 
‘) revealed an outstanding lowering of the TIBC at 6 and 8 hours. The 
ge drop in TIBC for these 12 patients was —153 pg per 100 ml. (range 
0 —289 ne per 100 ml.). While this change was in progress the SeFe was 
ted by +25 to +226 ng per 100 ml. (average, +137). 
in the patients with hemochromatosis there was no change in the SeFe or 
alter administration of 1 Gm. of FeSO, by mouth in the fasting state 
The SeFe and TIBC were 210 and 210, 140 and 140, and 254 and 
the 3 subjects, and remained near these values for the 8 hours of observa- 
A small amount of UIBC appeared during the study of the subject with 
nous hemochromatosis. 
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The second series of 15 iron-deficient patients also could be divided into 
2 gross groups based on: (1) an obvious lowering of the TIBC in 2 to 4 hours 
and (2) minimal or no changes in the TIBC during this interval. 

The first subgroup 10 patients revealed a distinet lowering of the TIBC 
This lowering was definite at 2 hours and became more pronounced by 4+ hours 
in 6 eases. Similar results were obtained with the 8 SekFe methods used 

Barkan-Walker, Moore, and Kitzes) plus the Rath-Fineh UIBC  procedur 
(Fie. 3 

Utilizing the difference in TIBC at 2 to 4 hours from the control (zero 
value, the range and mean differences for the 3 methods in these 10 patients 
were: Barkan-Walker, —64 to -242 (average, —107); Moore, —535 to —246 

average, —107); Kitzes, —55 to -214 (average, —91). The equivalent Sel 
values were: Barkan-Walker, +47 to +367 (average, +266); Moore, +67 to 4371 
average, +266); Kitzes, +46 to +415 (average +279). All of the values ar 


’ 


depicted graphically in the lower panels of Fig. 3. 
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Fig. 4 Data from the 5 patients of the second series who showed minimal changes by 


same approach as that used for the group in Fig. 3 are shown. 
Utilizing the mean values for each time interval, thus lumping the resu 's 


for the patients together, the differences for TIBC were: Barkan-Walker, 
at 2 hours, and —80 at 4 hours; Moore, —100 at 2 hours, and —80 at 4 hours; : 


Kitzes, -80 and —70 at 2 and 4 hours, respectively. These data are depicted 
the uppermost panel of Fig. 3. 
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Data from the 5 patients in the second series which revealed minimal or 
no changes in TIBC are depicted in Fig. 4. The average changes at 2 to 4 


hours in this group were: by Barkan-Walker —25, by Moore —16, and by) 
Kitzes +10. Three of these patients showed a decrement in TIBC at one hour 
amounting to: —100, —50, and -42 by the Barkan-Walker method; —87, —40, and 
66 by the Moore method; and —48, -49, and —58 by the Kitzes method. While 
these observations were made the serum iron was correspondingly elevated 
over the control (zero) value by +115 to +820 (Barkan-Walker), +79 to 291 
Moore), and +96 to 387 (Kitzes). 

The mean values for each time interval for these 5 patients revealed little 
change (about —25 for TIBC at 1 hour) as shown in the top panel of Fig. 4. 


Summary of Gross Separation of Data——Of the 32 iron-deficient patients 
in both series. ”»” revealed an overt lowering of the TIBC after thes had re- 
ceived 1 to 1.8 Gm. of FeSO, - 7TH.O by mouth when they were in the fasting 
state as measured by the Barkan-Walker SeFe method and the Rath-Finch 

ethod for UIBC. Ten of these patients had the results confirmed by other 
methods. The remaining patients (10 revealed an equivoeal lowering or no 
change of TIBC. Results similar to those of the latter 10 patients were ob- 
tained with 10 normal subjects. In hemochromatosis no changes in TIBC 
vere noted. 


Simultancous Measurement of UIBC; Rath-Finch and Feinstein Methods. 
lable IL contains data from 4 iron-deficient subjects of the second series who 
eceived 1.83 Gm. FeSO,: 71.0 by mouth when they were in the fasting state 
nd in whom SekFe was measured by the 3 methods and UIBC by the 2 methods. 

is to be noted that the results were quite similar irrespective of the methods 
sed. In 2 to 4 hours the TIBC was lowered in 3 patients (—87 to —111, —137 to 
'SO, and —177 to —-220) and not altered in one (—20 to +12 


Complete Saturation of Transferrin During Iron Absorption.—The second 
| third eases of Table I] demonstrated coniplete saturation of the circulating 
usterrin 2 to 4 hours after the oral dose of iron (1.3 Gm. FeSO,). Under 
se conditions the indirect measurement of the transferrin concentration in 
2 to 4 hour sample became essentially dependent on the measurement of 

serum iron econeentration, since with this situation there was no change in 
spectrophotometric reading with the addition of ionized iron in the Rath- 
‘+h proceedure for UIBC and no change in residual radioactivity in the Fein- 
procedure for UIBC. Conversely, the control (zero hour) value was 
ndent mainly on the UIBC procedure since the control Sele was low (per 
saturation of transferrin 5 to 9 per cent). In these cases the TIBC was 
inently lowered. It may be inferred that this type of measurement of 
ed TIBC has additional significance since it is dependent primarily on one 
d of two types of indirect analysis (a high UIBC and very low SeFe for 
ontrol, and a high SeFe and no UIBC for the test value). 
lor the entire series of 32 iron-deficient patients tested, 12 developed com- 
p saturation of the circulating transferrin 2 to 4 hours after the large oral 
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( 19 
raBLe IT. Da Ry ING MEASUREMENT OF SERUM IRON AND TIBC ON SAME SAMPLE BY 
MULTIVLE METHODS 
( u lOO M 
SAMPLI Sere u 100 M \\ M K 
H M K K-t } R-} I h-f F 
] 0 24 27 16] $55 170 163 164 497 
0.33 74 OS 7] 164 143 152 137 161 140) 
0.66 133 141 135 163 170 17 1 178 161 168 
1.0 1S7 202 192 16: $49 177 164 167 $54 
PAR | 07 321] 1] S7 374 101 SS 39] 378 
1.0 ae] a) 41 i4 354 S4 364 366 346 
2 ) 97 6 2g 27 516 oO 525 929 518 
0.3: 66 71 63 506 508 511 513 50: 05 
Ott 176 res) 169 176 167 es) 166 169 160 
1.0 256 238 2OS $56 19 13S $2] 1S $41 
0 347 1 360 347 59 1 357 260 78 
1.0 364 62 38] 64 64 6: 62 iS] 38] 
} 0 24 ye 70) YI S68 360 QS 300 
0. 27 | 29 ye 341 66 io 4 343 
0.66 74 79 79 1 341 4 346 51 343 
1.0 140 14] 138 25 310 26 311 12 30S 
2.0 279 IS: 272 279 296 s 00 ate 289 
+.0 953 250 260 953 973 50 270 "OHO PSO 
t 0 oe 26 Zo 132 $42 136 146 133 $45 
0.33 32 30 31 145 154 t43 $52 $44 $5 
0.66 108 110 112 15S 153 160 155 162 157 
1.0 174 178 179 164 153 168 157 169 15S 
0 27 Zia 269 $2] 1539 ios i+] $19 137 
.0) oa a6 19 144 128 1465 130 139 123 
The serum iron metho include t Barkan-Walker (B-W), the Moore (M), and the 
Kitzes (KK) methods TI \ measured by the Rath and Finch (R-F) and the Feinsteir 
(F) plus each of the three serum iron methods 


TABLE III. STATISTICAL ANALYSIS OF DATA USING THE BARKAN AND WALKER SERUM IRON 


METHOD 


rib pre lOO M MEAN VALUE 
VALUI NORMAI Fe DEFICIENCY 4 
Control PRY 390 0.001 
+ hr. 261 316 0.005 
Control to 4 hr. 28 74 0.001 


For purposes of this discussion the change at 4 hours was chosen 


dose of iron (5 in the first series and 7 in the second series) 
12 patients revealed a lowering of TIBC which averaged —116 pg per 100 m 
(—40 to -242 pg per 100 ml.). The control sample for this group had a Sek 


which averaged 35 pg per 100 ml. (15 to 70), and a per cent saturation « 


This group 0 


transferrin which averaged 8.5 per cent (3 to 20 per cent). It should be noted 
that in the 7 patients of the second series the See was dependent on 3 method 
and for 2 of these patients the UIBC was dependent on 2 methods. 


Statistical Analysis.—Table II] contains an analysis of the changes in TID!’ 
as detected by the Barkan and Walker SeFe method and the Rath and Fin 
UIBC method. 


values obtained were used without selection. 


Other methods yielded similar results. In this analysis 
There was a significant differe: 
in the TIBC between the normal and the iron-deficient groups before (cont 


value) and 4 hours after the oral dose of iron. The lowering of TIBC in 
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iron-deficient subjects exceeded the intrinsie errors of the procedures used, 
and was significantly different from the control (zero) value. Although the 
lowering of TIBC 4 hours after the oral dose in the normal subjects also differed 
significantly from the control value, the values derived were frequently within 
the error of the procedures used. 


DISCUSSION 


The results herein reeorded indicate a lowering of the transferrin coneen- 
tration of the cireulating plasma in patients in the iron-deficient state under 
the impact of a large oral dose of iron given during a period of fasting. Thus, 
it appears that transferrin need not remain in a relatively fixed coneentration 
in the cireulating plasma. Rather, the results suggest mechanisms for sudden 
changes in the coneentration of ecireulating transferrin under special, and 
possibly limited, circumstances. The oeeurrenee of substantial and rapid 
changes in the eirculating transferrin concentration under special circumstances 
suggests the possibility of rapid vet limited changes transpiring in the home- 
ostatic physiologie state. 

An explanatory hypothesis may be offered for the significant results derived 
by the present experiments. Sueh a hypothesis should attempt to account for 
the following findings: (1) the low SeFe and high TIBC encountered in 
patients deficient in iron and the high SeFe and lowered TIBC observed in 
patients with hemochromatosis; (2) the decrement in TIBC while the SeFe is 
elevated during a major period of iron absorption in iron-deficient patients, 
vhich effects a shift in the Sel*e-TIBC relationship from a low SeFe-high 
IBC to a high Seke—lowered TIBC, or a change from the configuration of 
on deficiency to that of hemochromatosis; (3) no change in the SekFe-TIBC 

lationship after a large oral dose of iron in patients with hemochromatosis; 
nd (4) minimal or no ehange in TIBC during iron absorption in the normal 
te. 
The hypothesis herein offered considers transferrin to exist in two phases, 
cireulating generally in the plasma and the other sequestered at cellular 
s. An equilibrium between these two phases of transferrin may be visual- 
| which, in the normal steady state, is refleeted by the normal range of SeFe 
TIBC. Under cireumstanees wherein the body iron and/or iron metab- 
i is altered to a significant degree, shifts in the relationship between cireu- 
¢ and sequestered transferrin may be considered to occur. Thus, it is con- 
able that in iron defieieney the sequestered portion of transferrin is lowered 
the cireulating portion inereases because primarily of a diminution of 
turnover at cellular sites. A major burst of iron absorption in the iron- 
ent state may shift the circulating transferrin temporarily to cellular 
as iron moves from plasma to cells and the sequestered component increases 
e expense of the cireulating portion. Such a concept would explain the 
change in the iron transport system from the iron-deficient to the hemo- 
atotie configuration as observed in the present experiments. 
‘he hypothesis which postulates a balanee between circulating and seques- 
phases of transferrin is at odds with the proposals made by Laurell and 
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hy Flexner and eo-workers coneerning the means by whieh iron is ultimately 
transferred from plasma into cells. Flexner and co-workers interpreted their 
data as indieating a consumption of transferrin by cells in the catabolie sense 
while iron was released within the cells. Laurell argued against the transfer 
of such a large complex across membranes, eapillary and cellular, as well as the 
high rate of turnover of the complex globulin transferrin demanded by 
lexner’s view. Laurell’s hypothesis considered the ultimate transfer of iron 


across membranes into cells as ions under the regulation of mass action prin 


ciples. Laurell’s position may be considered as primarily based on two 
features: 1) Granick’s treatment of the dissociation of the iron-transferrin 
complex and (2) Laurell’s data which indicate no change in the plasma trans 


ferrin coneentration in various conditions associated with a rapid elevation of 
Sele, including the absorption of iron given orally to normal and iron-deficient 
subjects. 

(iranieck’s data whieh coneern the ionization of the iron-transferrin eomplex 
need not pertain directly to iron transportation into cells in all biologie systems 
The lack of observance of a lowering of transferrin during iron absorption in 
iron deficieney by Laurell is more disconcerting with respect to the circulating 
sequestered transferrin hypothesis. It is noted, however, that a significant 
lowering of the transferrin concentration has been diffieult to demonstrate in 
the normal state and in one third of iron-defieient subjeets in the presently 
reported observations when the oral iron dose was greater than that used b: 
Laurell by a factor of 3 to 4. Among the latter one third group there wer 
patients who displayed a lowered transferrin value which was not significant 
by the methods available and used, and there were patients who revealed 
significant lowering of transferrin coneentration but only during the ear! 
period of iron absorption. It is possible that certain differences in the dat: 


related by Laurell and the data herein presented may have been due to tli 


timing of the observations, the dose of iron used, and the seleetion of patients 
The lack of change in the transferrin concentration when oral iron was 
viven to patients with hemochromatosis who were in the fasting state requires 
an explanation consistent with the cireulating-sequestered transferrin hypot 
esis. In advaneed iron overload the rate of iron absorption may be diminished 
as indicated by Bothwell and associates,”? and such a cireumstanece would alt 
the results of the present study. Assuming that iron absorption oceurred 
our patients as it usually does in patients with hemochromatosis,” the lack 
change in SeFe-TIBC could have resulted from a complete or near comp! 
saturation of cellular sites by the iron-transferrin complex, or, stated in teriis 
of the hypothesis, a maximum degree of sequestration of transferrin may hi: 
been present. Under these conditions, in order for iron to move into cells 
hypothesis would suggest that a cireulating molecule of transferrin replac 
sequestered molecule while the cireulating concentration remains unehange 
Our data agree with that of Laurell as these relate to the normal st 
Kither no change occurred in the transferrin concentration or a decrement 


eurred which was within the possible error of the procedure used. These d 
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however, need not negate the concept of a circulating and a sequestered phase 
of transferrin. During iron absorption the level of SeFe must be dependent 
on the iron flux, that is the influx from the bowel and the efflux into cells. Thus, 
the rate of movement of iron during absorption in the normal state may not 
equal that in iron deficiency, and, in terms of the cireulating-sequestered trans- 
ferrin hypothesis, this could mean a lesser degree of sequestration of transferrin 
and, in turn, a lesser degree of lowering of its concentration in the cireulating 
plasma. 

Assuming that transferrin is partly in a sequestered phase, by what means 
may such be visualized? The most likely sites of sequestration would be ex- 
pected to be in tissues which have a high iron turnover such as liver, spleen, 
and bone marrow. These sites have been considered by anatomists as having 
an open eireulation by means of which plasma may come into direet contact 
with cells which are entering into iron metabolism. It is proposed that at these 
sites the ultimate transfer of iron into cells is aeeomplished by an orientation 
of the iron containing transferrin molecule to iron receptors on the surface of 
the eell followed by iron transfer and that such orientation and iron transfer 
requires time. The time interval for such orientation and transfer would be 
reflected by a sequestered phase of transferrin. 

The hypothesis which considers transferrin to exist in two phases, one cir- 
culating and the other at cellular sites, offers a unitarian view coneerning the 
relationship of SeFe to TIBC in iron deficiency and hemochromatosis. In iron 
leficieney the cell iron, particularly in the liver, spleen, and bone marrow, is 
reduced. The serum iron concentration (SeFe) is reduced, the movement of 
ron is retarded, and, according to the hypothesis, the cell reeeptors for iron 

relatively inactive, and are releasing transferrin to the general cireulation. 

e eireulating transferrin is thus considered to be elevated, whieh causes a 
ominent lowering of its saturation with iron. In hemochromatosis the con- 
se is considered to pertain: cell iron is high, serum iron is high, and the 
vement of iron is substantial. The hypothesis considers the cell receptors for 
n to be very active, thus tending to remove transferrin from the general 
eulation and further elevating the saturation of cireulating transferrin with 


It is conceivable that other variations in the SeFe-TIBC relationship ob- 
‘d in abnormal states may be explainable by the cireulating-sequestered 
sferrin hypothesis. In this connection recent data by Colehour and _ asso- 
s°° may be cited. These authors found that aeute anoxia of the rat caused 
‘id inerement in TIBC. These observations demonstrated by another ap- 
ch the lack of fixation of the transferrin concentration and the fact that 
inisms are available for rapid changes in its concentration. In accordance 
the cireulating-sequestered transferrin hypothesis it may be considered that 
releases sequestered transferrin into the general circulation. 


SUMMARY 


When 1.0 or 1.3 Gm. of FeSO, - 7H.O was given orally to iron-deficient 
ts in the fasting state, the total iron binding capacity (TIBC) of the 
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serum of 22 of the 32 patients was significantly lowered within 2 to 4 hours 
Return of the TIBC toward normal was observed after 6 to 8 hours. An addi 
tional + patients displayed a significant lowering of the TIBC for one hour 
after the oral dose of iron. The remaining 6 patients with iron deficieney re 
vealed a negligible change or no change in TIBC after the oral dose. 

2. When 1.0 Gm. of FeSO, - TH.O was given orally in the fasting state to 
normal subjects or patients with hemochromatosis, negligible change or no 
change occurred in the TIBC. 

3. The serum iron concentration (SeFe) was distinetly elevated in all but 
2 of 42 normal and iron-deficient subjects given iron orally (1 to 1.5 Gm.) while 
they were in the fasting state. The Sele remained unehanged when oral iron 
was given to patients with hemochromatosis, 

4. The lowering of TIBC observed in iron deficient patients after 1 
ceiving iron orally was the same when 3 methods for SeFe and 2 methods for 
unsaturated iron binding capacity (UIBC) were used simultaneously.  N 
significant difference was noted in the measurement of Sele by 3 methods 
(Barkan and Walker, Moore, and Kitzes methods). No significant difference 
was noted in the measurement of UIBC by 2 methods (Rath-Finch and Fei 
stein methods 
Do. In 12 of the 32 iron-deficient subjeets the lowering of the TIBC during 
iron absorption was associated with complete saturation of the cireulating trans 
ferrin with iron. 

6. The results presented indicate the existence of mechanisms which effec! 
sudden changes in the cireulating transferrin concentration. 

7. An explanatory hypothesis for the results obtained has been offered 
The hypothesis considers transferrin to exist in two phases, one circulating 
in the plasma and the other sequestered at certain cellular sites. Furthermore, 
it is proposed that sequestration may result from orientation of iron lad 
transferrin to iron receptors at cellular sites during the transferral of iron to 


cells. 
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URINARY EXCRETION OF CHLORPROMAZINE IN MAN 


kMERY E. Haynes 
(GALESBURG, ILL. 


Patients ho had b n maintained on metabolic ards for 6 years were 
chlorproma e orally in doses of 800 ma. and SOO ma. daily. The ether 
soluble fractio of chlo promaz e excreted in. the urine was determined and 
as found to b 7 to ype cont of the total chlo promazine administered. 
Det n ations Ca cd out aft medication had heen stopped to establish 
t} } th of time that this ethe soluble fraction was excreted. The latte: 
as fou d toh ( ted 7 three forms: bound chlo promaz ne, free chlo 
promazin sulforide, and bound chlo promazine sulfoxide. There was a Ssiq- 
cant ad op ti reretion o chlo promaztiine and chlorpromaz ye sulfoxide 
t} first dau afte ccssation of medication, and a further decrease was observed 
on the second day. Thereafter, the elimination continued for 4 days in small 
hut meas able amo ts and this oceurred on a dosag¢ of SOO ma. per dau, 
hether it had b dg n for 4 or 11 days. The results indicate that the 
f l sa ty 1 be haviora sults which may be obse od atte the first two 
adaus follo @ ¢ ssatio of med cation mau he duc to factors othe) than a 
significant amount of chlo promazine u hich still remains in the body. 


l* this investigation of the metabolism of chlorpromazine two methods fo! 
the determination in the urine were used. One is the semiquantitativ: 
determination reported by Forrest and eollaborators.1. The other is on 
quantitative basis by the procedure of Flanagan and co-workers* to determin 
the ether soluble metabolites of chlorpromazine. Armed with these methods 
heeame possible to study several problems in chlorpromazine metabolis! 
‘or example, how rapidly is that drug destroyed in the body? An idea of the 
rate of destruction could be obtained by the duration of the period in whic! 
chlorpromazine and chlorpromazine products could be recovered in the urine 
Sometimes behavioral improvement evoked by chlorpromazine disappears soon 
after the medication is stopped. In other instances improvement continucs 
for a longer or shorter time after cessation of drug administration. What 
relationship exists between the changes in symptoms and the presence or 
absence of chlorpromazine in the body? An attempt to answer these and 
similar questions was the purpose of this study. 


METHOD 
The details of the semiquantitative method are available.1 The principle of 
test depends upon the development of a violet color which is used to measure chlorproma 
in the urine. The reaction concerns a relatively unstable metabolite with ferric io! 
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an acid medium. Indications are that this metabolite is an intermediate between chlor 
promazine and its sulfoxide. The metabolite is a reactive and photosensitive compound 
and the color derived therefrom is unstable. The violet color used for reading gradually 
anges into reddish shades because of oxidoreduction 


processes, 


In the quantitative test for chlorpromazine in the urine the free base of chlor 


promazine is extracted from an alkaline medium with ether. The extract is washed with 


alkali and water to remove impurities. The chlorpromazine is extracted from the ether 


vith IN H.SO, and the ultraviolet absorption caused by the acid salt of free chlorpromazine 
and its sulfoxide is measured spectrophotometrically over 


1") 


a range of 220 to 320 mu. 
e urine residue from the ether extract is subjected to an gikaline hydrolysis and the 


idditional chlorpromazine released is referred to as the ‘*bound’’ chlorpromazine and its 


sulfoxide, A determination is made by following the above 


} 


procedure for free chlorpromazine 
d its sulfoxide. 


Schizophrenic patients who have been maintained for a period of at least 5 years on 


esearch wards were the subjects for these experiments. Trained personnel made it possible 
to collect complete 24 hour urine specimens. Three series of experiments were made: 
a) two patients on a dosage of 300 mg. of chlorpromazine daily (75 mg. 4 times daily 
r 4 days, (b) two patients on a dosage of S00 mg. chlorpromazine (200 mg. 4 times 


aily) for 4 days, and (ec) same patients as in experiment (b) but medication was continued 


for a total of 11 davs. In each series urine samples were analyzed during medication 
2 } g 


nd after administration of the drug had been stopped. 


These analyses were continued 


intil chlorpromazine and chlorpromazine sulfoxide failed to appear in the urine. Additional 


tients who, however, also had not previously been taking this drug were placed on 
> mg. of chlorpromazine 4 times daily. Twenty-four hour urine collections were started 


morning the first dose of ch orpromazine was administered. We determined the ether 
luble extract of chlorpromazine and found it to be excreted in three 


in forms: bound 
lorpromazine, free chlorpromazine sulfoxide, 


and bound chlorpromazine sulfoxide. 


for 

” RESULTS 

. The two patients placed on 300 mg. chlorpromazine daily excreted an 
int erage of 3.2 per cent of the total chlorpromazine given in the first 24 hours. 
3 it Maximum exeretion was obtained during the second 24 hour period and _ re- 
SI lined approximately the same while chlorpromazine medication was continued. 
the me patient exereted between 5 and 6 L. of urine daily. No chlorpromazine 
ich s detected the first two days probably beeause of the great urinary dilution ; 
int reafter 1.8 to 3.6 per cent was present in the urine. 

oon Two other patients who were placed on 200 mg. chlorpromazine 4 times 
pes for 4 days revealed recoveries of approximately 6.0 per cent in the first 


hat hours. Beginning with the seeond day, recovery was found to be between 
yi and 9.0 per cent and remained in the same range as long as patients were 
and medication. Bound chlorpromazine was present in the urine for 48 hours, 
reas free and bound sulfoxide were present for 6 days after cessation of 

ication. There was probably exeretion of chlorpromazine sulfoxide after 

time but deteetion of it was not possible by the procedure used. Two 


f ths later these same two patients were again placed on 200 mg. chlorpro- 
1a ne 4 times daily and kept on medication for a total of 11 days. The 
n nt of ether soluble chlorpromazine and its sulfoxide excreted in the urine 
s} day was approximately the same as in the earlier experiment. The ex- 
i on of the free unchanged drug was negligible. Fig. 1 shows the recovery 


lorpromazine and chlorpromazine sulfoxide in terms of milligrams. Each 
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DAYS OF CHLORPROMAZINE ADMINISTRATION 37B8GH-2 
Fig. 2 Comparison of Average recovery percentages of administered chlorpromazine 
chlorpromazine and chlorpromazine sulfoxide \bscissas represent days from start of me 
tion. Ordinates are in percentage recovery of administered chlorpromazine 1, Per cent 
bound chlorpromazine 2, Per cent of bound chlorpromazine sulfoxide > Per cent of 
chlorpromazine sulfoxide ,, Sum of 7, 2, and 3 Free chlorpromazine sulfoxide is excrete 
higher concentrations than the other two urinary componets of chlorpromazine 


point represents the actual amount of ether soluble chlorpromazine and ch! 
promazine sulfoxide exereted in a 24 hour period. The total chlorpromaz ne 


curve is the sum of the findings for bound ehlorpromazine, free sulfoxide, 


bound sulfoxide. The major component recovered was chlorpromazine sulfoy 
in the free and bound states. After cessation of medication, chlorpromaz 
in the bound form disappeared from the urine at the end of two days, wher as 


free and bound sulfoxide continued to be exereted for an additional 4 d: ’s 
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The presence of chlorpromazine sulfoxide in the urine for 6 days after medica- 
tion hed been stopped may be due to some accumulation of the drug in the 
hody. 

‘ig. 2 represents the average percentages of ether soluble chlorpromazine 
and chlorpromazine sulfoxide exereted in the urine during administration of 
the drug. The total curve represents the sum of the percentage of bound 
chlorpromazine, free chlorpromazine sulfoxide, and bound chlorpromazine sul- 
foxide. 

The Forrest? test was performed on each 24 hour specimen of urine and 
the maximum reading was obtained on the third day during the administration 
of the drug. The test beeame negative the third day after medieation had 
been stopped. 


DISCUSSION 


The experiments deseribed indicate that ether soluble chlorpromazine and 
chlorpromazine sulfoxide are exereted in the urine of man in amounts of trom 
7.0 to 9.0 per cent of an administered dose of 200 mg. given 4 times daily. 
Patients taking 75 mg. of chlorpromazine 4 times daily exereted ether soluble 

lorpromazine and chlorpromazine sulfoxide in the urine in amounts from 
9 to 7.0 per cent of the administered dose. There is probably no significant 
lifferenee with the excretion in the urine at these two dosage levels. The 
l‘orrest. test! remains positive for 3 days, after which it becomes negative, 
hereas quantitative assay still shows chlorpromazine metabolites. This dis- 
epaney suggests that the Forrest! test may possibly be based on a chlorproma- 
ne metabolite other than chlorpromazine sulfoxide. In any event, according 
0 Salzman and Brodie,* the sulfoxide of chlorpromazine is widely metabolized 
the various organs of the body. Two patients receiving 900 mg. chlorpro- 
azine orally per day exereted negligible amounts of unchanged drug with 
out 5 per cent eliminated as the sulfoxide.’ Van Loon* recovered about 50 
cent of the administered dose (10 mg. per kilogram) of chlorpromazine 
in the feees of rats with greatest concentration in the second 24 hour 
riod when administered by stomach tube. The drug was administered at a 
se of 10 mg. per kilogram of chlorpromazine S*° and the total recovery of 
in the urine and feces for 4 days after the administration of the radioactive 
terial was approximately 96 per cent. Apparently in rats the urinary ex- 
ion of chlorpromazine occurs more rapidly and in larger amounts than in 
nan subjeets. Nadeau and Sobolewski’ hydrolyzed the chlorpromazine econ- 
ite with B-glucuronidase and found this method to be more accurate than 
ical hydrolysis. 
In the metabolism of chlorpromazine the product formed from the sulfoxide 
be the sulfone, but there may even be an earlier intermediary metabolite 
the sulfoxide. Another suggested method for the metabolites consists of 
demethylation of chlorpromazine. Ross® found the rat capable of de- 
vlating ehlorpromazine C™ after oral or intravenous administration of 
drug. Salzman and Brodie,’ however, failed to detect any demethylation 
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of chlorpromazine upon ineubation of the drug with rabbit-liver homogenate, 
yet La Du? showed an active demethylating system for drugs to be present in 
the liver. 

Our observation discloses that the exeretion of chlorpromazine has de 
creased significantly during the first 48 hours after cessation of medication, 
Which indieates that any behavioral improvement in patients cannot be at 
tributed to the presence of a significant amount of chlorpromazine in the body 
after the second day following withdrawal of the drug. Rinaldi and associates* 
studied a group of 39 patients, 32 of whom were schizophrenic, 6 schizoaffective, 
and one with involutional melancholia, all with long histories of hospitalization 
In most patients signs of improvement decreased noticeably 2 days after 
medication had been stopped, but in some patients beneficial effects were sus 
tained for longer periods. The brief duration of the salutary therapeutic 
results after cessation of medication ean be explained in part by the rapid 
elimination of chlorpromazine by the body. At two different dose levels the 
recovery of the ether soluble fraction of chlorpromazine in the urine was 
approximately the same. This suggests that the ether soluble portion is a 
relatively constant fraction of the total chlorpromazine in the body. If this 
should prove to be the ease then the ether soluble fraction should be ai 
indicator of the total chlorpromazine thus suggesting that not only the ethe 
soluble fraction but most of the chlorpromazine is exereted from the bod: 
within the first few days after ingestion. Van Loon* reeovered 96 per cent 
of administered chlorpromazine S* in the feees and urine of rats withir 
96 hours after administration. But this rapid excretion may be explained by 


a species difference, for, in general, small animals have faster metabolic rates 


SUMMARY 


Three major urinary components of ether soluble chlorpromazine: chlor 
promazine sulfoxide in the free and bound forms and bound chlorpromazine 
were eliminated in 5.5 to 7.0 per cent amounts when patients were receiving 
200 mg. daily. On a higher dosage of 800 mg. daily, the urinary exeretion 
amounts to 7.0 to 9.0 per cent of the ingested chlorpromazine. There was 
significant drop in the excretion of chlorpromazine and chlorpromazine sulfoxic: 
the first day after cessation of medication, and a further decrease was observed 
on the second day. Thereafter, the elimination continued for 4 days in smi 
but measurable amounts and this oceurred on a dosage of 800 mg. per di 
whether it had been given for 4 or 11 days. It may, therefore, be coneluded 
that chlorpromazine is rapidly metabolized and eliminated by the body. These 
results indieate that the continued salutary behavioral results which may 


observed after the first two days following cessation of medication may ‘¢ 


due to factors other than a significant amount of chlorpromazine still remaini:g 
in the body. 


I am indebted to Dr. Harold E. Himwieh for constant advice and eriticism du 


this study. 
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THE PRESERVATION OF BLOOD FOR TRANSFUSION 
LV. IN Virro Recovery AFTER FREEZING AND THAWING OF RED CELLS 
Mopiriep Witt SUGARS 


Max M. Strumia, M.D., Louise S. CoLWELL, A.B., AND PAuL V. Strumia, M.D. 
Bryn Mawr, Pa. 


With THE TECHNICAL ASSISTANCE OF JEAN BeENTZ, ANN DUGAN, 
AND BARBARA TORG 
This report deals with the effect of dextrose and lactose, alone or in com 
bination, on the recovery of rabbit and human erythrocytes frozen at tempera 
tures between -68° and -78° C. It has been found that the addition of sugars 
p olonas the safe period of erposure to temperatures in the critical range { 


to -40° C.), thus exerting a protective effect on the red cells of whole blood with 


acid citrate de rtrose, With the use of sugars and rapid freezing and thawina 


1 pel cent + 3 of the red cell population may be recovered intact. 


AMMANN and Buehner observed in 1935! that certain sugars considerably 
irre formation of crystals in an aqueous solution. Evidence has been 
presented*® that blood ean be frozen and thawed at —8° C. without hemolysis o1 
erythrocytes and that sugars exert a favorable effect on the preservation 0! 
erythrocytes stored at temperatures between 0° and —3° C. 

Under ordinary conditions, freezing of erythrocytes at temperatures below 
3° C., followed by thawing, results in hemolysis. Two procedures have bee 
proposed to avoid or reduce hemolysis. The first one, pioneered by Luyet and 
co-workers‘ consists of extremely rapid freezing with resulting “vitrification’ 
of water. The second method, introduced by Polge and collaborators’ and 
Smith® relies on modification of freezing by the addition of glycerol, whic! 
permits slow freezing, storage, and thawing of blood with a high rate ol 
recovery of erythrocytes. 

The present report deals with the effects observed in vitro of dextros 
and lactose on rabbit and human erythrocytes frozen at temperatures betwee) 
68° and —78° C. obtained with dry ice and ethanol. 


PROCEDURE 


Modification of erythrocytes in the present study has been obtained with varying ¢ 
centrations of dextrose and lactose, alone or in combination. The final concentration of sug: 
in the liquid medium varied from 0.09 to 1.7M. In all instances, except as noted, 1 


modification consisted of mixing equal parts of acid citrated blood with a sugar solution. 
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Freezing has been carried out uniformly at temperatures between -68° and -78° C., 
using a mixture of ethanol-CO, ice. Thawing has been carried out by immersion in water at 
37° to 40° C. 

The containers have varied considerably in shape and capacity. In most instances they 
consisted of flat boxes, made of aluminum, from 5 to 15 thousandths of an inch in thickness 
0.127 to 0.381 mm.), or made of thin, hard-drawn copper, electroplated with a layer of 
pure tin. All boxes measured inside 3 to 4 mm. in thickness, but varied considerably in 


capacity, up to 75 ml. (Fig. 1 























4 
MULL itil 
Fig. 1 Fig. 2 
Fig. 1 Flat, thin aluminum or copper container used for freezing and storage of blood. 


Fig. 2.—Cylindrical copper container, 11.8 mm, insid 


e diameter and thermocouple holder. 
For purpose of more exact thermometric observations and reproducibility, exact 
netry of containers is necessary. This requirement is satisfied by using eylindrical con 
ers of thin copper with 11.8 mm. internal diameter. The amount of blood frozen has 
. between 1.0 and 2.6 ml. (Fig. 2). All thermometrie measurements have been earried out 
small copper-constantan thermocouples, placed in the center of the mass being frozen, 
a graphie recorder. 

The isotonie, low dextrose acid citrate dextrose solution used for collection of blood is 
lows: trisodium citrate, dihydrate, 2.55 Gm.; citrie acid, monohydrate, 0.88 Gm. ; 
rose, anhydrous, 1.20 Gm.; pyrogen free distilled water to 100 ml. 

The pH of this solution, after sterilization, is 5.0; the amount used for 500 ml. of blood 

ml. The acid citrate dextrose solution known as NIH formula A has also been used for 


urpose of comparison, with similar results. 








578 STRUMIA ET AL. J. Lab. & Clin. Med 
October, 1960 


The length of modification prior to freezing was either % hour or 4% hours. In all 
5 5 2 2 


instances thawing was carried out within 15 minutes after completion of freezing and cooling 


to -68° to -78° C. 
RESULTS 

Effect of Sugars.—The results of freezing and thawing of erythroeytes will 
be expressed as “recovery.” By recovery is meant the amount of nonhemolyzed 
erythrocytes, expressed in per cent, which remain after treezing and thawing. 
The measure of hemoly sis is obtained by measure of the total hemoglobin of the 
sample as compared with the hemoglobin of the supernatant obtained by 
centrifugation after freezing and thawing. The data on recovery of blood ot 
rabbits and humans, frozen and thawed, are similar. The results reported here 
are based on experiments carried out on human material, except as otherwis 
noted. 
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M CONCENTRATION OF SUGAR 
N THE LIQUID MEDIUM 

Fig. 3 Effect of the nature and concentration of sugars and the length of modificati 
prior to freezing on the recovery rate of erythrocytes after freezing and thawing. Blo: 
with acid citrate dextrose is mixed with equal volumes of the sugar solution to obtain 
the supernatant fluid the molarity noted on the abscissa 

The recovery of erythroeytes of human acid citrated blood, frozen witho 
agitation in the flat metal boxes, averages 29 per cent. The effect of the co! 
centration and nature of sugars on the recovery rate of frozen human eryth: 
eytes is shown in Fig. 3. In all instanees blood collected in the isotonic, |: 
dextrose acid citrate dextrose solution was mixed in equal parts with solutio 
of lactose and dextrose of such concentration as to obtain the final molarity 
the supernatant shown on the abscissa, and was frozen in the same flat met 


boxes. 
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Lactose has an optimal protective effect in a concentration of about 0.2M, 
dextrose in a coneentration between 1.0 and 1.3M, and a mixture of lactose 
and dextrose in a concentration between 0.62 and 0.97M (Fig. 3). The relative 
coneentration weight per weight of lactose and dextrose has been varied from 
1:4 to 4:1; a weight per weight mixture of 3 parts of lactose and 2 of dextrose 
has given the best results. Under optimal conditions, using 5 to 25 mil. of 
citrated blood modified by the addition of an equal part of a solution that con- 
tained 0.435M laetose and 0.555M. dextrose the recovery has averaged 95 per 


cent + 0. 

The leneth of modifieation is not a critical factor, within the experimental 
limits (14 hour to 415 hours), except that when dextrose alone is used the 
optimal length of modifieation varies with the concentration of sugar. 

With rabbit blood, usine for modification solutions of laetose and/or dex- 
trose, with a total molarity from 0.4 to 0.7, the recovery rate varied from 79 to 
9] per cent with a mean of 86 per cent in 7 specimens of blood frozen and 
immediately thawed. 


Relationship of Mean Corpuscular Volume of Erythrocytes and Recovery. 


The relationship between water loss from erythroeytes, expressed as variations 


of the mean corpuscular volume (MCV), the nature of modifying sugars, the 
eneth of modifieation, and the recovery rate, are shown in Fig. 4. 


g, The results 
suggest that optimal recovery is obtained with a mean corpuscular volume be- 


tween 60 and SO Cy. 
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ig. 4.—Relationship of the nature of sugars, the length of modification, and the 


y of red cells to the water loss, expressed as variation of the mean corpuscular 
The experimental conditions are the same as represented in Fig. 3. 
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Fig. 5 Effect of hematocrit on recovery of red cells after they have been froz 

ind thawed Variations of the hematocrit value were obtained by removing different 

imounts of the supernatant, prior to freezing, from the same mixture of acid citrats 


whole blood and sugars 


Effect of Re latiie Concentration of Red Cells. A relationship has bee! 


noted between the relative concentration of red blood cells (hematoerit) and 1 


rate of reeovery of cells frozen and thawed (Fig. 5). Variations in tli 


hematocrit were obtained hy removing a portion of the plasma-sugar mixtul 
after modification and prior to freezing. With inereasing relative concentl: 


tion of the red cell mass, the recovery of red cells after freezing and thawi 


diminishes. This phenomenon oceurs in varying degrees with red cells modifi: 


with lactose, dextrose, or a mixture of the two. 

Effect of Cooling and Warming Velocities—When blood is frozen witho 
agitation in the flat metal containers, good results have been obtained when | 
time of cooling from room temperature to substantially near —60° C. is under 


seconds. Thawing must be carried out at a similar speed. Freezing or thawi! 


periods of more than 20 seconds result in greater deterioration of the red ce 
A typieal freezing curve is shown in Fig. 6. The optimal cooling speed in 
flat aluminum containers, without motion, has not been determined exactly 
cause of technieal difficulties. 

The speed of cooling and warming of blood that has been frozen determi 
with the evlindrieal copper containers is considered critical between —3 
40° C. The -8° C. level has been established by previous observation: b 
ean be frozen and thawed without appreciable hemolysis (6 mg. per 100 
of supernatant plasma) if the temperature of freezing is not lower than —5 

The temperature of —40° C. has been suggested by a series of experim 


in which blood, modified with equal volumes of 25 per cent dextrose solut 
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t metal containers (Fig. 1) without agitation 


5S] 


"te 


+10 + 


+ 20 


| J 
+30 + i 


INTERVALS: I5 SECONDS 


Fig. 6 Typical cooling and warming curve’ obtained 
mixture of equal parts of blood with acid citrate 


during freezing of 390 ml 
dextrose and sugar solution in the 
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Fig. 7 Effect of time of exposure at temperatures between -10° and -50° C. during 
ng and thawing on the recovery of red cells. " 


ne red cells are those of blood with acid 
lextrose modified by mixing with an equal volume of 25 per cent dextrose solution. 
milliliters of blood-sugar mixtures were tested in the 11.8 mm. cylindrical container 
Fig. 2). 


maintained at a constant temperature for varying periods of time during 
ing and thawing (Fig. 7). It will be noted that maintenance of modified 
| for one minute during freezing or thawing at a temperature of —10° C. 
tsina very poor recovery of red cells. 

llowever, permanence at a temperature of —40 C. during either freezing or 
ng for periods of as much as 10 minutes is compatible with good recovery. 


3° and —40° C. are 


his reason, cooling and warming velocities between 
ted. 
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Fig. 8 The effect of agitation on the recovery of red cells after freezing and 
thawing with varing concentrations of dextrose. Two milliliters of blood-sugar mixtures 
were used in the 11.8 mm. cylindrical container (see Fig. : 
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Fig. 9 Temperature curves during cooling and warming of blood, with and with- 
out motion, and recovery of red cells Acid citrated blood was modified by mixing with 
equal amounts of 25 per cent dextrose and 2.0 ml. was tested in the 11.8 mm. cylindrical 
container (see Fig. 2) 
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Effect of Motion.—It has been noted that agitation of blood during freezing 
and thawing improves recovery. Although any form of agitation during freez- 
ing and thawing of erythrocytes improves the recovery, better results have been 
obtained with violent to and fro motion or with a vibratory motion at 1,800 to 
3,600 ep.m. The geometry of the container greatly influences the effeet of 
motion, In flat or cylindrical containers with fluid of 3 mm. or less thickness, 
motion has no effect. Significant effects are noted when the thickness of the 
fluid is 10 mm. or more. 

The effect of agitation is noted over the entire range of concentrations of 
sugar (Fig. 8). Motion during cooling and warming of red cells results in a 
much higher rate of recovery than when no motion is applied. Fig. 9 shows 
the effect of motion on the cooling and warming curves and on the rate of re- 
covery of two identical units of red cells. 

Agitation during warming only is more effective than agitation during 
cooling only. It has also been noted that the warming time is always shorter 
when cooling is carried out with motion and, correspondingly, the recovery is 
better (see Table | This observation is even more significant if one considers 
that motion slows the cooling time. These observations are not necessarily true 
when containers of different capacity and configuration are used. 


TABLE [. COOLING IN CO, ICE-ETHANOL 
RECOVERY 
COOLING WARMING ‘7 OF OPTIMAL) 
Motion Motion 
19 8 95 
No motion Motion 
13 34 86 
Motion No motion 
19 52 SO 
No motion No motion 
13 OD 69 
The figures noted express in seconds cooling and warming velocities between -3° and 
10° C. and represent averages from 5 experiments. Two milliliters of blood was frozen in 
the 11.8 mm. copper cylinder In this experiment blood was modified by mixing with 


equal volumes of 25 per cent dextrose solution 


DISCUSSION 


The possible mechanism of the protective effeet of sugars on erythrocytes 
may be discussed in the light of theories on the nature of the damage to red 
blood cells during freezing and thawing. 

In an aqueous solution which is being frozen, other conditions being equal, 
the size and number of the water crystals is dependent on the velocity of cooling: 
faster cooling produces smaller and more numerous crystals. If we accept for 
the moment the view that damage to cells being frozen and thawed is due, in 
part at least, to mechanical phenomena of pressure and transfixion, it follows 
that slower cooling and warming velocities should cause greater cellular dis- 
ruption. The dangerous temperature range, as defined by Luyet and Hartung,’ 


is from near zero to about —50° C., and a few milliseconds only are required to 
) j 
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kill living organisms at these temperatures. By ultra rapid freezing and thaw 
ing in warm saline, Luyet recovered about 75 per cent of oxalated ox erythro 
cytes. 

It has been shown with the use of eleetronmicroscops of thin films of plasma, 
frozen at the temperature of liquid nitrogen, that no matter how rapidly freezing 
takes place, water crystals do form.” Ultra rapid freezing of various types of 
cells as emploved by Luvet and the term “vitrification” used in this connection 
must be regarded, in the livht of these observations, as indicatine the formation 
ot ice crystals of minimal SIZ, Incapable ot disrupting the cellular struetur 

When freezing is rapid, small erystals are formed uniformly throughout 
the mass being frozen, i.e., intracellularly and extracellularly. When the fluid 
medium freezes slowly, large extracellular crystals are formed, which results 
in the removal and immobilization of pure water. In effeet, this causes the 
formation of an increasingly hypertonic medium, with dehydrating effeet on the 
cells. The delieate lipoproteinie structure of the red cell surface is thus exposed 
to a disrupting effect, as shown by Lovelock. The same mechanism of damage 
applies during thawing. 

The salt concentration, at which this damage Occurs, is of some interest. 
When oxalated ox blood is frozen at —3° C. approximately 81.2 per cent ot 
Water Is separated in solid form.'! It has been shown that acid citrated human 
blood may be solidified at a temperature of —3° C. Under these conditions, upon 
standing, the red cells settle, which indicates that they are freely floating in the 
remaining water, exposed to a concentration about 0.75M of sodium chloride 
Blood thus solidified may be kept at —3° C. without excessive deterioration of the 
red cells for several weeks.” Lovelock has reported that with a concentration of 
sodium chloride O.85M or rreater, there is a sharp increase in the cholesterol] 
and phospholipids in the suspending medium of red blood cells, which indicates 
damage to the cell membrane from exposure to high ionic strength. It may 
be readily concluded that when sodium chloride rises to a concentration between 
0.75 and O.85M severe damage to the cell membrane occurs on prolonged contact 
which leads to hemolysis. Undoubtedly this phenomenon plays a major part in 
the damage to red cells under conditions of relatively slow freezing of blood at 
temperatures below —3° C. 

k‘ormation of large extracellular crystals and, therefore, the exposure ot 
red cells to excessive ionic concentration can be avoided by very rapid freezing 
of the blood. An entirely different method of protecting red cells by slowing the 
formation of ice erystals in blood that is being frozen is that based on the 
observation of Tammann and Buehner’ and Lusena.'* These investigators hav 
shown that certain alcohols, glycols, sugars, and proteins slow the rate of water 
crystal growth in a solution. The mechanism of this action is not definitely 
known, but is probably related to the property of these components to be strong 
hvdrogen bonders, and consequently to bind water. This property prevents or 
reduces the damage that results from exposure of the cellular elements to ex 


cessively high ionic concentration during slow freezing. 
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Polge and associates’ found that fowl spermatozoa suspended in 15 to 20 
per cent glycerol solution in Ringer's solution ean be frozen slowly at —79° C. 
and resume full motility after thawing. The method was applied by Smith’ 
to rabbit and human eryvthroey Les, 

In the method of freezing ervthroevtes presented in this article we have 
combined the proteetive effeet of sugars to that of rapid freezing. In this 
manner we have sueeeeded in lengthening the eritieal time of exposure of red 
cells to freezing temperatures trom a tew milliseconds to 15 or more seconds, 
thus rend rine the method practical for substantially large amounts of blood. 

We have experimentally shown that a mixture of lactose and dextrose pro 
duces a better recovery of red cells after freezing and thawing than either sugar 
when used alone, It is presumed that this effect is the produet of several 
mechanisms : 1) lactose, whieh does not penetrate the cells, binds extracellular 
water, which slows the formation of extracellular erystals, until with supercooling 
rapid homogeneous nucleation leads to the formation of numerous small Cry stals; 
2) at the same time, Hy its osmotie effect, lactose produces a dehydration of 
the cells. This, if not excessive, inereases the concentration of intracellular 
proteins, thus increasing the water binding capacity within the cells. Cellular 


elements poor in water, such as epithelial elements of the skin, withstand rela- 


tively slow freezing without apparent damage.'! Some protective effect of sugars 
On red eells IS noted evel without Intracellular water loss ie, } : 3 The 


high concentration of extracellular dextrose acts in a way similar to that of 
lactose, but in addition it penetrates the cell membrane. In the intracellular 
position it assists in binding water and slowing the rate of formation of ice 
ervstals 

Ordinarily, dextrose that enters red cells carries a certain amount of water, 
with consequent swelling of the red cells. Under the experimental conditions 
the amount of water that enters the cells is limited by the extracellular pull of 
the high concentration of lactose and dextrose. Thus, the laetose-dextrose 
mixture aets as an osmotic buffer on the red cells. 

It has been shown that with inereasing relative eoneentration of the 
erythrocytes the recovery of erythroeytes after freezing and thawing diminishes, 
Steinbuch and Quentin > made a similar observation on red eells frozen and 
thawed with the aid of macromolecular substances such as dextran. We consider 
this phenomenon as being one of coincidence, caused by erystal formation and 
growth. lor each erystal being formed the number of red cells involved, and 


possibly damaged, is proportional to the densit\ of the population. 


SUMMARY 


Addition of a solution of lactose, dextrose, or a combination of the two 
sugars prolongs the safe period of exposure to temperatures in the eritieal 
range (-3° to 40°), thus exerting a protective effeet on red cells of whole 
blood with acid citrate dextrose. Under optimal conditions, when a mixture of 


lactose and dextrose is used, 95 per cent + 3 of the red cell population is re- 


covered intact after freezing and thawing. 
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THE PRESERVATION OF BLOOD FOR TRANSFUSION 


POSTTRANSFUSION SURVIVAL OF RED CELLS MODIFIED WITH SUGARS, 
lk ROZEN, AND STORED IN THE FROZEN STATE 
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BRYN Mawr, PA. 
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Dextrose and lactos: improve considerabl 


j] the in vitro recovery of erythro 


cytes subjected to rap d freezina and thai nid, This report deals with the effect 
of freezing and thawing of crythrocytes modified by a mixture of dextrose and 
actose on the posttransf us on survival measured with Crs! tagging. 
It will be shown that the 24 how posttransfusion survival of Crt radio 
activity of red cells frozen and stored in the frozen state at -93° C. + 2 re mains 
unchanged for at least 721 days, and represe nts an averade 


original amount of the red cells f 


of 77 pei cent of the 


rozen,. 


[* a previous article’ it has been shown that dextrose and lactose improve 
considerably the recovery in vitro of ervthroeytes subjected to rapid freezing 
and thawing. 


In the present report are presented the results of posttransfusion survival 


of 10 units of rabbit erythrocytes and 38 units of human ervthroevtes modified 


by a mixture of dextrose and lactose, frozen, and stored in the frozen state 
for varying periods of time. 


PROCEDURE 


The amount of rabbit blood frozen and stored has varied from 7 to 20 ml., and of human 
blood from 20 to 50 ml. The storage temperatures in the range of —58° and -—93° C. were 
obtained with the use of sub-zero equipment. Storage temperature of about —70° C. was 
obtained ly use of dry Ice, 


The amount of blood transfused has been 2 ml. in the rabbit and 10 ml. in the human. 
Methods for the measurement of blood volume-and for survival studies by tagging with 
have been presented.2, 


All the studies of posttransfusion survival in humans have been earried out with red 
ells of whole, acid citrated blood frozen in thin flat metal containers, at a temperature of 


68° to —78° C. obtained with dry ice-ethanol, after modification by addition of equal parts 
of the following solution: dextrose, anhydrous, 10 Gm.; lactose, monohydrate, 15 Gm.; dis- 
tilled water to 100 ml., 0.99M. 
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RESULTS 

The effeets of freezing and thawine of erythrocytes in vitro have been 
CAXPre ssed as ** recovery. ”’ The results ot in vivo studies will be expressed 
as “*‘survival.”” Survival indicates the amount of radioactivity of frozen, stored, 
thawed, and transfused erythrocytes that remain in eireulation 24 hours after 
transfusion, as determined with the Cr technique. The values reported as 
survival include all losses, that is those occurring in vitro and those occurring 
in Vivo. 

Per cent recovery in vitro times per cent surviving radioactivity 24 hours 
after transfusion divided by 100 equals percentage survival. 

A sheht loss of erythrocytes oecurs in the period immediate I after thawing 
within one hour). This loss varies with the nature and concentration ot 
sugar used for modification. With the lactose-dextrose mixture used in the experi- 
ments reported here the loss amounts to less than 3 per cent up to o hours 
after thawing. 

Erythrocytes have been transfused within one hour of thawing. After 
thawing the erythrocytes are not subjected to any further preparation, exeept 


for the oceasional removal of some of the plasma-sugar mixture, 
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Fig. 1 Rate of decline of Cr®™ radioactivity of 6 units of blood, modified with lactose- 
dextrose mixture, frozen, and thawed. Four units were autotransfused ind 2 were tran 

fused into compatible recipients The interrupted lines represent the survival of 38 units of 
autotransfused fresh blood 
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Fig. 2 Iiffect of temperature of storage and length of storage on recovery and post- 
transfusion survival of Cr" radioactivity f red cell modified with lactose-dextrose mixture 
before being frozen The figures given for the survival include all losses, in vitro and in vivo. 


Survival of Rabbit Erythrocytes—For modifieation of rabbit blood used 
for transfusion, lactose, dextrose, and lactose-dextrose solutions were used. 
When used alone for modification of rabbits’ blood, lactose gave an optimal 
posttransfusion survival, whereas g@lucose alone gave a survival slightly below 
the average obtained with the lactose-dextrose mixture. The average 24 hour 
radioactivity survival of erythrocytes frozen, thawed, tagged with Cr®!, and 
immediately transfused in seven rabbits was 97 per cent of the average ob- 
tained after transfusion of fresh citrated blood. 

Two rabbits were similarly transfused with erythroeytes frozen after 
modification with sugars, and stored for one week at -60° C. The radio- 
activity ot erythroeyvtes 24 hours after injection averaged 97 per cent of that 
obtained from transfusion of fresh whole blood. 

Survival of Human Erythrocytes——Of 38 transfusions of frozen human 
erythroeytes some were autotransfused and some were transfusions in com- 
patible recipients. 

The survival of six different units of human erythrocytes frozen, thawed, 
stored for one day or less, and transfused within one hour of thawing is shown 
in Fig. 1. The values are slightly below the optimal established for 38 units 
of normal red cells autotransfused within 2 hours of collection, but the daily 
rate of decline is similar (2.17 per cent per day + 0.26). No difference was 
noted between 4 autotransfusions and 2 transfusions into compatible recipients. 

In Fig. 2 are shown the effects of the temperature of storage on the re- 
covery and survival of frozen red cells. In all the experiments the temperature 


f freezing and the modification by addition of sugars in equal parts of the 
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lactose-dextrose mixture are comparable. It ean be readily seen that with 
a storage temperature of —58° C. there is rapid deterioration of the rate of 
recovery and rate of survival of erythrocytes. With storage at —70° C. the 
rate of recovery is fairly well maintained but the survival deteriorates more 
rapidly. At —93° C. + 2 both recovery and survival remain at an essentially 
even level for a period of at least 721 days. (See Table I.) 

In all survival studies the blood was frozen within 24 hours of collection. 
Blood frozen after several days of storage under usual condition of refrigeration 
has shown good in vitro recovery after thawing. 

In the present series of experiments the survival of radioactivity of all 
transfused erythrocytes, which have been frozen, thawed, and stored at —93° C. 
for periods up to 721 days, ineluding all losses in vitro and in vivo, has 
averaged 77 per cent + 0.5. This survival may be compared with the optimal 
survival of radioactivity of fresh autotransfused Cr°!-tagged red cells 24 hours 
atter transfusion, which averages 94 per cent + 2. The survival value of 
frozen cells may also be compared with the survival of radioactivity of red 
cells stored for 21 days in aecid-citrate-dextrose solution at temperatures between 
land 5° ©., which varies between 70 and 84 per cent, depending on the nature 
of the receptacle, the temperature of storage, and other conditions. 


DISCUSSION 


The effect of storage on the frozen erythroeytes is due to the well-known 
fact that iee erystals are not of a static nature, but tend to grow, a phenomenon 
also referred to as reerystallization. The growth rate is high at temperatures 
near the melting point; however, crystal growth oceurs at much lower tem- 
peratures. Thus, at —70° C. erystals 1 » long are formed in a _ previously 
nonerystalline ice film in 30 seeonds.t| We have shown that with storage at 
temperatures between —58° and —70° C. deterioration of red cells oceurs in 
a few weeks (see Fig. 2). This is probably due to the growth of ice crystals. 
Crystal growth ceases at a temperature of about —130° C.% °; from our experi- 
mental work the bulk of red eells, properly frozen, survives at a temperature 
of —95° C. + 2 for a period of at least 2 vears. 

Although much of the damage from slow freezing is undoubtedly due to 
the exposure of cellular elements to a high ionie coneentration, there is 
evidence that mechanical effect of water erystals by erushing and transfixion 
accounts in part at least for the loss of red cells during storage in the frozen 
state at temperatures that permit growth of ice crystals. This contention 
is supported by the experimental data which show that with inerease of the 
relative eoneentration of red cells there is a corresponding inerease of the 
loss of cells during freezing.’ 

It has been shown that modification of red cells with either dextrose, 
actose or a eombination of the two protects the red eells from the effects of 
reezing and thawing. However, the posttransfusion survival of modified 
‘ells does not necessarily follow the recovery of red cells in vitro. 


+= 
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Whole blood with acid citrate dextrose treated with equal parts of 15 
per cent dextrose, with a resulting final molarity in the supernatant fluid of 
0.55, frozen, and thawed, shows a recovery of 92 per cent, but upon transfusion 
the bulk of red cells is immediately destroyed. Whole blood with acid citrate 
dextrose, treated with 25 per cent dextrose solution in equal parts, with a 
resulting final molarity in the supernatant fluid of 0.81, frozen, and thawed, 
shows a recovery of 93 per cent of red cells but the posttransfusion survival is 
likewise very poor. Penetration of dextrose into the red eells is probably 
responsible for this phenomenon. 

The study of the daily loss of transfused red cells, as shown in Table I, 
clearly indicates that the rate of deeline of transfused cells is not related to 
the length of storage. The average daily decline from the second to the ninth 
or eleventh day is 2.12 per cent + 0.50, data similar to those obtained with 
normal fresh autotransfused cells (daily loss 2.17 per cent + 0.26). Much 
greater variation is noted in the first 24 hour loss. Normally this loss is 
6 per cent + 2. In the transfusion of frozen red cells the loss averages 
12 per cent + 4. 

We interpret this greater loss and the greater differences between observa- 
tions as being due to variations in the technique and, more exactly, to variation 
in the thickness of the mass of blood being frozen. Cells damaged by improper 
technique of freezing or thawing are immediately removed from cireulation. 
Cells which have not been damaged in the process of freezing and thawing, 
however, survive normally. 

Protection of cellular elements by ultra rapid freezing, applied previously 
to thin films of blood, was more recently used by Meryman and Kafig’ by 
spraying blood direetly into liquid nitrogen, with the formation of small spheres 
ot frozen material, ranging up to 0.9 mm. in diameter. Only two posttrans- 
fusion survival studies were done in human beings. Six and 7 per cent of the 
red cells, respectively, were lost through hemolysis prior to transfusion; the 
24 hour posttransfusion survival of radioactivity of Cr°'-tagged cells was 86 
and 82 per cent, respectively. The radioactivity loss of the red cells in the 
period subsequent to the first day was 2.6 and 4 per cent per day. 

At the practical level, the most important problem is the development 
of a container of capacity sufficient for a whole unit of blood and of such 
design and material to permit very rapid heat exchange. Use of lower temper- 
ature coolant than the ethanol-Co, ice mixtures, and a means of keeping the 
coolant in active circulation may be expected to improve both recovery and 
survival of red cells. 


SUMMARY 


Human red cells, frozen with the addition of a lactose-dextrose mixture, 
and thawed show a posttransfusion survival, measured as Cr*! radioactivity 
similar to that of fresh red cells except for an increased first day loss of 12 per 
cent + 4, as compared with fresh blood 6 per cent + 2. Rabbit erythrocytes be 


have in a similar way. 
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The 24 hour posttransfusion survival of Cr radioactivity of red cells 
frozen and stored in the frozen state at -93° C, + 2 remains unchanged 


for at least 721 days, and represents an average of 77 per cent of the original 
amount of red cells frozen. 
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SERUM COMPLEMENT AND BACTERIOPHAGE NEUTRALIZATION 


TITERS IN HUMAN INFECTIONS, LEUKEMIAS, AND LYMPHOMAS 
Aupona L. Baurcu, M.D., WINtrRED OsBoRNE, Paut A. BuNN, M.D., 


LEONARD C'ANARILE, B.S. AND ANN HassirpgiaAn, B.A. 
SYRACUSE, N. Y. 


Serum bac teriophag neutralizing acti ity (PhN) was studied in 82 normal 
sub ee ts, 108 individuals with infections, od patients with leukemias and 47 pa- 
ticnts with lymphoma or sarcoma. The normal mean titer was 10 Ph units pe 
mi ler. Low titers (< 2 units per millilite; were found in most acute un 


fections, chronic lymphoe utic leukemia, active Hodgkin *s discasce, and some cases 
O reticulum cell and lymphosa coma, In infections a two- to ninefold increase 
in tite occurred within 48 hours during recovery. Normal or high PRN titers 


were found in patients with chronic infections, myelogenous and monocytt 
} 


leukemia, inactive Hodakin’s disease, and 


most cases of reticulum cell and 
lymphosarcoma. 
Serum comple ment titers we 


( studied in S82 normal subodec ts, f 2 sub ects 


with infections, 28 patients with leukemia, and 25 patients with lymphoma o 


sarcoma. The normal mean titer was 31.4 C’'H,, wnits per milliliter. 


low titers were 


N ol mal 0 


found in most acute infections. A two- to threefold 


mmcTrease o¢ 
) F 
curred usually within 48 


hours during recovery. Normal or high tite 


m most CaSECS OT chronic infection, leuke mia, Hodakin’s disease 


rS Océ urred 
and sarcoma, 


It is suggested that: (1) Serum PRN activity may reflect properdin; 


(2) Complement and properdin may participate in host resistance to infection. 


HE recognition of a new serum substance, properdin, by Pillemer and co 
workers! renewed interest in the study of natural host resistance to in 
fection. In 
T.r+ Escherichia coli bacteriophage neutralization activity of fresh serum may) 
reflect properdin levels. 


1956, Van Vunakis and eo-workers?* provided evidence that 


They indicated that this activity was demonstrable 
only in the presence of all four components of complement (C’ 


1.2.3.4), divalent 
vations (Me*t), and properdin (P). 


Serum which contained no properdin 
(RP) failed to show phage neutralization, whereas the addition of purified 
properdin to RP restored this activity. 


The purpose of this paper is to present data concerning total complement 
and bacteriophage (F£. coli T.r+) neutralizing activity of serum from normal! 
subjects and patients with infections, leukemias, and lymphomas. 
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MATERIALS AND METHODS 


A. Serum* Preparation.—Ten milliliters of bl 


od was drawn ast ptically, allowed to elot 
at room temperature for 20 to 40 minutes, and placed at 2 C. for 2 to + hours After 
centrifugation at 2,200 ¢ for 6 to S minutes, the serun as removed and stored at —22° C, 


for one to four weeks before testing 


B. Phage Neutralizing Aetivity Phage neutralizing aectivitv, hereafter designated as 
PhN, is standardized in terms of 50 per cent bacteriophage neutralization units PhN 
per milliliter of serum. The determinations re performed using the technique deseribed 
by Barlow, and co-workers.®. 4 Tyr+ bacter ophage active on &. coli B and cultures of £. coli 


Is were provided by the same authors 


C. Complement. C’ is standardized in terms of 50 per cent hemolytic units C’H,, per 
milliliter of serum. Total complement determinations were performed by means of the 
methods deseribed by Osler and collaborators. ‘he following five modifications were made: 

I Amboceptor Was prepared using the method deseribed by Rapp. 2 Guinea pig 
complement was prepared from blood taken from 15 normal guinea pigs. The blood was 


allowed to clot for 20 minutes at room temperature, placed overnight at 4° C.. and eentrifuged 


at 700g for 30 minutes at 0° C,) The serum was quickly frozen in a CO, iee bath and 
stored at —22° CC, The pooled serum complement titer as 240 C’H,, per milliliter. 3) Sheep 
blood was collected in an equal volume of 2.5) pet sodium citrate and Merthiolate at 
a final concentration of 1:10,000,) The red blood cells were washed three times with isotonic 
Veronal buffer which contained 0.1 per cent gelatin. \ 5 per cent suspension of the washed 
cells was prepared by adding 1 ml. of packed cells to 19 ml. of gelatin Veronal buffer. 
One milliliter of this suspension was Ivsed wit l4 ml. of O.1 per cent sodium carbonate. 
The optical density O.D.) of the clear Ivsate was determined to be 0.680 by means of a 
Beckman DU spectrophotometer at a wavelength of 541 mg. This reading corresponded to 
] 109 red blood cells per milliliter. $) Sheep red blood cells were sensitized with an 
optimal dilution of amboceptor for 15 minutes in a 37° C. water bath. 5) Each complement 
titration was performed in duplicate Different aliquotes of diluted test serum were placed 
in tubes and Veronal buffer was added to bring the total volume in each tube to 6.5 mil. 
One milliliter of sensitized sheep red blood cells was added to eaeh tube. After incubation 
and centrifugation the O.D. of easel supernatant Was read using a Beckman DU speetro 
photometer at 541 my; gelatin Veronal buffer as used as a blank. \ straight line con 


necting at least three and usually four or five points in the 25 to 75 per cent hemolytic range 


was used for the ealeulation of the 50 per cent hemolysis pomt of the serum tested. 


A. Normal Subjects. 


1. Phage Neutralization Activity: Serum PhN titers were determined in 
S2 normal subjects from 20 to 40 years of age. Sixty per eent of the subjects 
were men and 40 per cent were women. No significant difference in titers was 
found with respect to age and sex. Serum PhN levels ranged from 1.9 to 31.2 
PhN;o per milliliter with a mean of 10 PhN,, per milliliter (Fig. 1). Titers 
could not be determined in sera of 4 subjects (4.7 per cent) because of the pres- 
ence of a heat stable factor. Repeated determination of PhN aetivity on 
different aliquots of the same subject’s serum revealed that the concentration 
varied less than 1.5 PhN,o per milliliter and remained stable at —22° C. for at 
least 8 weeks. Five normal subjects were bled weekly for 5 weeks. The PhN titers 
done on the day after each bleeding varied less than 2.5 PhN,. per milliliter. 


_ *Sera used in these studies were obtained from patients of the Tumor Clinic and the 
Medical Services of the Upstate Medical Center Hospitals, and the Syracuse VA Hospital 

+Further testing of these sera was done by means of the complement fixation technique 
or the presence of antibody to the virus used in the phage assay No measurable titer of 
intibody was found with the use of active and inactive virus particles. 
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1. Complement: Serum complement was determined in 82 normal sub- 
jects from 20 to 40 years of age. Seventy per cent of the subjects were men 
and 30 per eent were women. No significant difference in titers was found 
with respeet to age and sex. Serum complement levels ranged from 20 to 48 
C’H,. per milliliter with a mean of 31.4 C’H,, per milliliter (Fig. 1). Repeated 
determinations of compl ment on different aliquots of the same subject *s serum 
revealed that the concentration varied less than 2.5 C’H. per milliliter and 
remained stable at —22° C. for at least 4 weeks. Five normal subjects were 
bled weekly for 5 weeks. The complement titers done on the day after each 
bleeding varied less than 4 C’H,;, per milliliter. 
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Fig. 1 Levels of phage neutralizing activity and complement in serum of normal subjects. 


B. Infections—Serum PhN activity was studied in 103 infections in adults 
Table 1). In 72 of these patients the first bleod sample was obtained at the 
peak of the infection and prior to the institution of therapy. Thirty-five of 
these acutely ill patients had bacteremia (19 died). In thirty-one pa- 
tients the first blood sample was obtained 1 to 4 days after the institution 
of therapy. Seventy-two of the total group of 103 patients had serial de- 
terminations of serum PhN performed during the course of the infeetion. 
In most patients follow-up blood samples were obtained at 48 and 96 hours, 
at 7 days, or after 2 to 4 weeks. The total number of PhN determinations 
made in the entire group of patients with infections was 227; 159 of these were 


follow-up samples. 

The mortality rate in aeutely ill patients who had PhN titers of less than 
5 PhN,. per milliliter was 50 per cent (15 of 30 patients), in patients with 
titers between 5 and 15 PhN;» per milliliter 12 per cent (4 of 34). (Table II). 
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OF SERUM PI 
POTAI 
NO. 
INFECTIONS STU DIF 
Pneumocoeeal infeetions 
bacteremia in 4 21 
Staph. aureus bacteremia 23 
Gram-negative 
bacteremia 15 
Beta hemolytic strepto 
eoceus bacteremia i 
\lpha hemolytie strepto 
coceus bacteremia 
S.B.E. 1] 
Acute lung abscess o1 
empysema 1] 
Loeal Staph. aureus 
infeetions Is 
ota 10 
There were no fatalities in 
PhN. per milliliter. Subs 
covered and whose serum 


E NEUTRALIZING 


ACUTE INFECTIONS, NUMBER OF 


ACTIVITY 


OF 


PATIENTS 


SERUM 


D97 


STUDIED, AND NUMBER 


{AGE NEUTRALIZATION TITERS PERFORMED 
NO. OF PATIENTS NO. OF PHAGI 
FIRST BLOOD NEUTRALIZATION 
FIRST BLOOD |1 po 4 pays rITERS 
BEFORE AFTER START! NO. O} PERFORMED 
TREATMENT OF PATIENTS | DURING TOTAI 
Dp SURVIVED DiED TREATMENT FOLLOWED RECOVERY NO, 
10 ; 8 19 11 54 
l 12 0 13 36 17 
7 2 6 9 2a 30 
2 l ] ) 11 14 
S 0) 5 11 17 25 
10 | (0) 7 14 25 
15 0) } 10 17 32 
) y 31 72 159 227 
the seven patients who had titers greater than 15 
equently, titers in 6S cf the 72 patients who re 
PhN activity was measured periodically during 
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CONVALESCENCI 


recovers reached levels ereater than 5 PhN per milliliter. 
TABLE II. COMPARISON OF SERUM PHAGE NEUTRALIZATION TITERS Dt 
AND CONVALESCENC!I 
ACUTI 
PhN NITS 
“5 91-15 15 
NO Ot PATIENTS WHOSI FIRST BLOOD 
WAS OBTAINED BEFORI TREATMENT 
INFECTIONS SURVIVED DIED S VIVED DIED SURVIVED b 
Pneumococeal infections 
bacteremia in 4 5 } t 0) l 0 
Staph. aureus hacteremia l Ss 0 } 0 0 
Gram-negative 
bacteremia 1 2 } 0 0 0 
seta hemolytic strepto- 
coecus bacteremia ] l l 0) 0 0 
Alpha hemolytie strepto 
eoceus bacteremia 
S.B.E. 0 0 5 0 } 0 
Acute lung abscess or 
empysema l ] 6 0) 2 0 
Local Staph. aureus 
infeetions 3 0 11 0) l 0 
Total 15 15 30 } 7 0 
Mortality DOG 12% O% 
*These figures include both “survived’’ and convalescing patient 
tained before treatment as well as those patients whose first blood wa 
ifter start of treatment 
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WITH HIGHEST TITER 
DURING CONVA- 
LESCENCE OCCURRING 
D IN 2-9 pDAYSs* 
2 1] 6 
l 7 5 
0 3 6 
0) 0 3 
0 4 7 
l 3 3 
0 7 3 
} 7) 75) 
s with first blood ob- 
s obtained Ll to 4 days 
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Serum complement was studied in 42 infections in adults (Table III). 
In 34 of these patients the first blood sample was obtained at the peak of 
the illness and prior to the institution of therapy. Nineteen of these acutely 
ill patients had bacteremia (5 died). In 8 patients the first blood sample 
was obtained 1 to 4 days after the institution of therapy. Thirty-four of the 
total group of 42 patients had serial determinations of serum complement 
performed during the course of infeetion. In most patients follow-up blood 
samples were obtained at 48 and 96 hours, at 7 days, or after 2 to 4 weeks. 
The total number of complement determinations made in the entire group of 


patients with infections was 106; 72 of these were follow-up samples. 


TABLE IIT, DistrripvTion oF ACUTE INFECTIONS, NUMBER OF PATIENTS STUDIED, AND NUMBER 
OF SERUM COMPLEMENT DETERMINATIONS PERFORMED 


NO. OF PATIENTS 


FIRST BLOOD NO. OF 
FIRST BLOOD 1 TO 4 DAYS COMPLEMENT 
TOTAL BEFORI AFTER NO. O} DETERMINATIONS 
NO. TREATMENT START OF |PATIENTS| DURING TOTAL 
INFECTIONS STUDIED SURVIVED DIED TREATMENT FOLLOWED) RECOVERY NO. 
Pneumococcal infections 
bacteremia in 4 10 D Zz o 7 ~0 27 
Staph. aureus bacteremia 4 S 3 } S pp 27 
Gram-negative 
bacteremia 3 3 0 0 9 6 
Beta hemolytic strepto 
eoceus bacteremia ] l 0) () ] 4 t 
Alpha hemolytic strepto 
coceus bacteremia 
S.B.E. 7 6 0 l 7 10 16 
Acute lung abscess or 
empysema 6 6 0 0 t 6 12 
Local Staph. aureus 
infeetions 6 6 0) 0 D S 14 
Total $2 29 5 s 34 72 106 


The mortality rate in acutely ill patients who had complement titers less 
than 29 C’H;, per milliliter was 29 per cent (2 of 7), in patients with titers 
between 30 and 45 C’H;5 per milliliter 14 per cent (3 of 21). There were no 
fatalities in the group of patients whose complement titers were greater than 46 
C’ll;, per milliliter. Higher titers of complement oecurred during recovery 
than during acute phase of illness, i.e., levels in 33 of the 34 patients who re- 
covered and whose serum complement was measured periodically during recovery 
reached levels greater than 30 C’H,, per milliliter. 

The degree and rapidity of rise of both serum PhN and complement varied 
during the recovery phase of an acute infection. Examples of serum PhN 
titers of 4 patients and complement titers of 2 patients with acute pneumococeal 
infections are shown in Fig. 2. In each patient the first blood sample was ob- 
tained at the peak of the infeetion and prior to therapy. Only the patient 
who died failed to show a rise in titer. Generally when the aeute infeetion 
was controlled rapidly with proper therapy and the titer was low at the time 


of acute illness, the rise in titer was marked and prompt, i.e., two- to ninefold 
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for PhN and two- to threefold for complement within 48 hours. If the in- 
fection was more difficult to control or a normal titer was obtained during 
the acute phase of illness, the rise in titer was less marked and oceurred only 
after 5 or more days. 

C. Leukemias, Lymphomas, and Sarcomas..-PhN titers were measured 
in 39 patients with leukemia and 47 patients with lymphoma or sarcoma. 
Titers of serum complement were measured in 28 patients with leukemia and 
25 patients with lymphoma or sarcoma. The distribution and mean of titers 
are seen in Figs. 3 and 4. 


TABLE ITV. COMPARISON OF SERUM COMPLEMENT TITERS DurRING AcUTE INFECTION AND 
CONVALESCENCI 


CONVALESCENCE 
C’h,, UNITS/ML. 
- 9 S 7 2 
< 29 |30 —-45| > 46 


ACUTI 
(he. UNITS/ML. NO. OF PATIENTS 
- - ~ WITH HIGHEST 
29 30 $.) >» 46 
TITER DURING 
NO. OF PATIENTS WHOSHK FIRST BLOOD CONVALESCENCE 
VAS OBTAINED BEFORE TREATMENT OCCURRING IN 
INFECTIONS SURVIVED DIED SURVIVED DIED SURVIVED DIED 2-9 DAYS” 
Pneumococeal infeetions 
bacteremia in 4 2 l 3 1 0 0 1 1 5 
Staph. aureus bacteremia 0 ] 2 2 0 0 0 2 6 
Gram-negative 
bacteremia l 0 2 0 0 0 0 ] l 
Beta hemolytic strepto 
coecus bacteremia l 0 0 0 0 0 0 1 0 
Alpha hemolytie strepto 
coecus bacteremia 
S.B.E.) l 0) 1 0 l 0 0 } 3 
Acute lung abscess or 
empysema 0 0 } 0 2 0 0 ] 3 
Local Staph. aureus 
infections 0 () 3 t 3 0 0 3 2 
Total a) 2 1s o 6 0 ] 13 20 
Mortality 29% 14% O% 


*These figures include both “survived” and convalescing patients with first blood obtained 
before treatment as well as those patients whose first blood was obtained 1 to 4 days after 
start of treatment. 

1. Leukemia: Serum PhN titers were measured in 28 patients with chronie 
lymphoeytie, 6 patients with myelogenous, and 5 patients with monocytic 
leukemia. All 28 patients with chronie lymphoeytie leukemia had PhN levels 
less than 8 PhN,, per milliliter; 19 of these patients had levels less than 
2 PhN;, per milliliter. In contrast, patients with other forms of leukemia 
had normal levels. No evidence of antiphage neutralizing activity was found 
When normal serum whieh contained a known amount of PhN activity was 
added to serum of a patient with chronie lymphoeytie leukemia. 

Four patients with chronie lvmphoevtie leukemia had reeurrent infections 
eaused by pneumocoeci, FE. coli microorganisms or herpes zoster virus. No in- 
erease in the PhN titers was noted in this group of patients during reeovery 
from an acute infection. Titers of one patient, who had myelogenous leukemia 
and later developed bacteremia caused by Staphylococcus aureus and E. coli, 
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decreased trom 8.7 to less than 2 PhN,, per milliliter during infection. This 
patient died. Serial PhN levels of one patient with monoeytie leukemia, studied 
at the time of a severe skin infection caused by Staph. aureus, showed per- 
sistently high levels ranging from 18.1 to 22.2 PhN., per milliliter during a 
period of 4+ weeks. 

Serum complement was measured in 20 patients with chronie lymphocytie, 
2 patients with myelogenous and 3 patients with monoeytie leukemia. Titers 
in all patients (excluding 3 with chronie lymphoeytie leukemia) were normal 
or high. No anticomplementary activity was found in the sera of patients 


with chronie lymphoeytie leukemia who had low complement titers. 





] | oa 
| +50 
, | 
| | } | 
r | 
40} +40 
t | 
, | 
If | 
t } | | 
i | “ x 
2 30- r30 
} 
> | x 
a 
} } 
P x r 
t e - 
f ae 
} 
} x | x 1 x 
z , x 
20} i » | e +20 
R } } tr 
a , | | x f 
bo [ } 
r 4 0 O xX XX 
" | . * xx - 
a } 
a i XXX } 
r } x } XxX XX) 
f QO O 0 | x x} 
4 t x } “ xxx 
< 0 0 rt t—“8t 10 
S x x} 
x er: | . if XXX Xx 
ve) 0 xxx 
x * 0 x x Xx 
x x x v C OOK 
bs ee i) x 
f & 2 u , ° ° eet 
2b 4 ? e | X be 
USI | eeeee e e° + @eee, L x 
HRON " ™ TNS ® “ . u * MULTIF “ee NORMA 
y MP» y? uy EN v A MA E wy MA 
weeMia tu A wa 
“ N #@ C INACTIVE ** Owmoc ADVANCEC 
= @ ACTIVE @ FAR ADVANCED 
v 
Fig. 4. Individual and mean values of complement in serum of normal subjects and patients 
with leukemia, lymphoma, sarcoma, and multiple myeloma, 


Complement titers of two patients with chronic lymphoeytie leukemia were 
measured during acute pneumococeal infection. In one patient a titer of less 
than 2 C’H., per milliliter was obtained. No anticomplementary activity was 
found. With clinical recovery the complement of this patient did not increase, 
whereas that of the second patient rose from 23.2 to 37.1 C’H;. per milliliter 
in 7 days. 

2. Lymphomas and sarcomas: The total number of 47 patients was divided 
into 2 groups: (a) all patients in the active phase of disease had fever, anemia, 
adenopathy, and hepatomegaly with or without splenomegaly; (b) all patients 
in the inactive phase of disease had no fever or anemia, minimal or no adenop- 
athy, and had the diagnosis made by biopsy alone. Serum PhN was measured 


in 22 patients with Hodgkin’s disease (8 with active disease), 16 patients with 








602 BALTCH ET AL. J. 1 & ( Med 


lymphosarcoma (6 active), and 9 patients with reticulum cell sarcoma (5 
active). <All patients with active Hodgkin's disease had PhN titers less than 
D9 PhNso per milliliter. Four of these 8 acutely ill patients died one to 4 
weeks after their sera were studied. Serum PhN of one patient dropped from 
7.4 to less than 2 PhN,» per milliliter with a change from the inactive to active 
phase of the disease from which the patient died. In eontrast to the invariably 
low levels of PhN seen during active Hodekin’s disease, titers in patients 
with sarcoma could not be correlated with the activity of the disease. Titers 
greater than 5 PhN;» per milliliter were present in 5 of 11 patients who had 
active disease. 

Serum complement was measured in 12 patients with Hodgkin’s disease 
(3 with active disease), 9 patients with lymphosarcoma (5 active), and 4 
patients with reticulum cell sarcoma (2 active). Titers in all patients were 
normal or more frequently high regardless of the activity of the disease. 

D. Multiple Myeloma.—Serum PhN levels were measured in 9 patients. 
Four patients were acutely ill with severe bone involvement, pathologie frae- 
tures, myeloma cells in the peripheral blood, fever, high globulins, and re- 
peated infections. They were considered to be in the far advanced stage of 
the disease. Two of these patients died. In all 4 patients titers were less than 
2 PANso per milliliter. Serum PhN of one of these patients who had repeated 
pneumococcal infections failed to increase during the recovery phase of the 
acute infection. Five other patients with moderately advanced multiple 
myeloma had minimal bone involvement, myeloma cells in the marrow, high 
globulins, and no history of recent infections. PhN titers in all of these pa- 
tients were greater than 5 PhN.. per milliliter. 

Serum complement was measured in & patients with multiple myeloma. 


The titers were normal or more often high regardless of the stage of the disease. 


KE. Paroxysmal Nocturnal Hemoglobinuria (PNIT).—In 2 patients with 


PNH, studied during remission of the disease, serum PhN titers were 7 and 


7.1 PhN;s. per milliliter and serum complement titers were 31.2 and 34.8 
C’H;, per milliliter respectively. 


DISCUSSION 

Until 1957 the measurement of properdin in human serum was based on 
the ability of properdin to combine with polysaccharides such as zymosan.‘ 
The technique used in our studies utilizes another property ascribed to serum 
properdin, i.e., its ability to neutralize viruses. As described by Van Vunakis 
and ecollaborators,?* serum which contains properdin can neutralize the activity 
of T.r+ bacteriophage active on FE. coli B. Barlow and co-workers suggested 
that lack of complete quantitative agreement between the properdin activity 
obtained by the zymosan and phage assays may be due to serum factors other 
than complement, properdin, and Mg** needed in the two assays, or, possibly, 
to differences in sensitivity of the two techniques. The possibility that properdin 
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is not a single substance but a group of proteins has reeently been raised by 
Cowan.” Unfortunately, no report on elinieal study correlating the results 
of the zymosan and phage assays has been published to date. 

Our data on serum PhN activity correspond with the studies of Hinz, who, 
using the zymosan assay for properdin determinations, found low levels of 
properdin in patients with pneumococeal infections and normal levels in pa- 
tients with subaeute bacterial endocarditis.” Our data of serum complement 
changes in infections confirm the results of Ecker and assoeiates,’? and Rutstein 
and Walker,'' although the techniques used in their studies are markedly 
different from ours and a quantitative comparison is not possible. 

The serum PhN aetivity studied in our laboratories corresponds with 
the work of Rottino and Levy,'* '° who, using the zymosan assay for properdin 
determinations, found low levels in ‘‘terminal Hodgkin’s cases’? and in some 
eases ot ‘*lymphoma.’’ Our results are different from their observations made 
on sera of patients with chronie Ivmphoeyvtie leukemia. Using the zymosan 
assay, they found normal levels of properdin in this disease; the vast majority 
of sera studied in our laboratories by means of the bacteriophage teehnique 
revealed low levels of PhN activity. Our observations on serum complement 
levels in lymphomas correspond with those of Rottino and Levy." 

It has been deseribed that properdin, which may refleet phage neutra- 
lizing activity of serum, ean react with highly branched polysaccharides such 
as ZVMmOsan, pheumococeal capsular pols saccharide, endotoxins, levans, dextrans, 
and muein.'® Beeause of this property, properdin, in association with other 
serum factors, may be haetericidal,’’ neutralize viruses,** '*!% and lyse ab- 
normal red blood cells sueh as in paroxysmal nocturnal hemoglobinuria.?°-** 
In experimental animals, after the administration of polysaecharides**-** or 
FE. coli microorganisms,” 7" a marked drop in properdin occurs within 2 hours, 
followed by a marked rise 24 to 48 hours later. Increased resistance to in- 
fection is manifested by these experimental animals as long as the properdin 
levels remain high.** 2° In contrast, inereased susceptibility to infeetion and 
low properdin levels are found after total body irradiation®® and in hemor- 
rhagie shoek.*' 

It is well known that complement may participate in the immunochemical 
phenomena which occur during antigen-antibody reactions.°* Complement may 
enhance phagoeytosis,** influence agglutination,®® and, at least in part, be re- 
sponsible for the bactericidal and hemolytie activity of serum.** 

Thus, it would appear that, at least early in infection, substances such 
as properdin and complement may be utilized in host resistance to infeetion. 
The mechanism and significance of the change in titer of these substances is 
not clear. Diminished levels of properdin may he due to its reaction with 
polysaccharides: diminished levels of complement may be due to its fixation 
in antigen-antibody reactions. Increased levels of properdin and complement 
with recovery from aeute inteetions may reflect overproduction or decreased 
utilization of these substances. Persistently low or declining titers are seen 
frequently in individuals who die from their infection. 
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Low serum PhN activity titers observed in patients with certain malignant 
diseases may explain in part the inereased susceptibility to infections manifested 
hy patients with chronie lymphoeytie leukemia, active Hodgkin’s disease, and 
far advanced multiple myeloma. The lack of inerease in PhN aetivity titer 
in these patients during recovery from an acute infection may indicate their 
inability to produce or utilize this substanee. Elevated complement titers in 
most malignant disorders studied cannot be explained satisfact) “'v with our 
present understanding of complement. 


CONCLUSIONS AND SUMMARY 
Bacteriophage neutralizing activity of serum (PhN), in most cases: 


l. Is low in severe pneumococeal infections and bacteremia eaused by 
Staphylococcus aureus or gram-negative microorganisms. A two- to ninefold 
increase in titer within 48 hours with a continuous rise for as long as + weeks is 
seen in patients who reeover. 

2. Is normal or high in patients studied during recovery from an acute 
pneumococeal infection or bacteremia caused by Staph. aurcus or gram-negative 
microorganisms, as well as in patients with subacute bacterial endocarditis, 
lung abscess, and empyema. 

3. Is low in chronie lymphocytie leukemia, active Hodgkin’s disease, far 
advaneed multiple myeloma, and some cases of active reticulum cell and 
lymphosarcoma. 

4. Is normal or high in chronie myelogenous, monocytic leukemia, moder- 
ately advanced multiple myeloma, and most cases of reticulum cell and lympho- 
sarcoma. 


Titers of serum complement, using C’H;, unit system, in most eases are: 


1. Normal or deereased during acute infections. A two- to threefold in- 
erease in titer within 48 hours with a continuous rise for as long as 4 weeks 
is seen in patients who recover. 

Normal or high in chronie lymphoeytie (exeluding 3 cases in this series), 
myelogenous and monocytic leukemia, Hodgkin's disease, reticulum cell sarcoma, 


lvmphosareoma, and multiple myeloma regardless of the activity of the disease. 


It is suggested that phage neutralizing activity (PhN) of serum may 
refleet properdin. The possible mechanisms and significance of change in 
properdin and complement titers in infections and malignant disorders are 


diseussed. 


We wish to express our appreciation to Dr. Alvin Marueci for his valuable suggestions 
and assistance in the serum complement study, and to Drs. Eugene Lozner and Frank Furt! 


for their interest and cooperation in the study of patients with blood dyscrasias and lymphomas. 
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CYCLOSERINE: GROWTH ENHANCEMENT PILENOMENON FOUND 
DURING SENSITIVITY STUDIES: CLINICAL IMPLICATIONS 


Jack Ress, M.D..* aNpD SAMUEL M. TowNseEnp. M.S.** 


CORAL GABLES, FLA. 


In the search for nev druas to treat tub 


’ 


culosis, cuclos ine a strain of 


Streptomyces was discovered. This d uaq because of its tog citu in man has been 


used only when the established agents were not effect 

In this study 45 of 62 patients whos sp tum cultures were subjected to 
cycloserine sensitivity reactions found to be nitially esistant to 20 meg. 
pei milliliter. None of the patients had received the antibiotic. 

In the Lowenstein Je) Sé fest n ad m that contar d - li » Ol ra meq. po 
milliliter of cycloscrine it was ob ed, in most cases, that the arowth of tuberels 
bacilli was equal to or noticeably me ixuriant tha the controls. This would 
indicate an enhancement of growth th lo concentrations of ecuclos 

Although im itro studics do ota ays indicate sin a til vo resi Its, this 
work suaagested that in the s ofr cu lose nm the { atment of tubereule SIS, 


large doses should be uscd to bring the blood level to at least O meg. per milli 


liter. It should also be accompa ied with a secondary antibiotic to which the 


patient is sensitive to obtain the cumulative effect of both druas 


UMEROUS studies have been made of the antibiotic effectiveness of cy- 

closerine against infections involving Mycobacterium tuberculosis. Dunner! 
comparing ey¢closerine and isoniazid (INIL) with INTL and para-aminosaliey lie 
acid (PAS), concluded that the cyeloserine combination gave consistently 
lower incidence of cavity closure, particularly among those with large cavities, 
considerably reduced occurrence of reversal of infection in those patients with 
medium or large cavities, and considerably higher frequeney of advancing areas 
of infection as revealed by roentgenographic examination. From studies with 
experimental animals Wolinsky and Steenken® concluded that cycloserine alone 
was completely ineffective in the guinea pig. Furthermore, it was stated that 
the treated animals died more rapidly than the controls without antibiotie. Pat- 
node and associates,’ also working with guinea pigs, reported that the tuberele 
bacilli were recovered in equal numbers from the spleens of cycloserine treated 
and untreated animals. 





The present report describes a series of susceptibility studies made to 
test, in vitro, the bacteriostatic action of eyeloserine, as compared with INH, 
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streptomyein, and PAS antibiotics, on virulent strains of Myco. tuberculosis. 
Concomitant with the sensitivity studies, experiments were performed to de- 
termine the stability of eyeloserine after undergoing the manipulatons necessary 
for its ineorporation into Lowenstein-Jensen tuberculosis medium. Cultures 
prepared in the course of stability testing were used to augment the data on 
sensitivity reactions. The possibility of degenerative changes caused by heat, 
storage, and selected diluents, which resulted in loss of antibiotic potency 
was explored. It is believed the faets obtained correlate closely with the work 
of the individuals cited previously, and that this additional information strongly 
suggests an explanation of the clinical and experimental phenomena which they 
observed. Other implications regarding the clinical use of cycloserine have 
been derived from this work. 


MATERIALS AND METHODS 


Throughout the study, three samples of eveloserine were used. ‘Two samples, ealled 


PeCrom ve were received, 


: ; me in 1956, hereafter called S-56, and another in 19958, hereafter 
called 8-58. Oxamycin,t received in 1957, will be designated O-57. 
l. Susceptibility Tests. 


strains of Miyco. tuberculosis. 


Organisms used were from 62 patients diagnosed with virulent 
These patients were not on cycloserine chemotherapy, but were 


treated according to protocol with INH, streptomycin, and PAS. <A total of 120 cultures 
from these 62 patients were tested. 


rhe sensitivity procedures used were those described in the Tuberculosis Laboratory 


Methods of the Fifteenth Conference on Chemotherapy. Lowenstein-Jensen medium was used. 
Phe indirect testing technique was employed, and readings were made weekly. Final results 
were determined when the control tubes without antibiotic supported at least a 3 plus 
growth. 


Growth on control was then compared with growth on media that contained cyclo 
serine in concentration of 5, 10, and 20 meg. 


Z Stability Tests. 


a. Effect of heat sterilization on cycloserine: This test was performed to establish that 


the growth on Lowenstein-Jensen medium that contained cycloserine was not attributable to 
destruction of the antibiotic properties during heat sterilization (inspissation). Kirchner 


quid medium} was used. Some of the liquid media that contained antibiotic was sterilized 


by filtration through a bacterial ultrasintered glass filter and some by autoclaving at 10 
pounds for 10 minutes. 
b. Determinations of tubercular growth on stored cucloserine media: In an effort to 


letermine the effect of the age of the ecycloserine stock solution and cycloserine working 


media on growth of tubercle bacilli, Lowenstein-Jensen medium with concentrations of 5, 


10, and 20 meg. per milliliter was made from stock solutions which had been stored. Some 


of the media were inoculated immediately and some were stored and inoculated later. 


Growth in all cases was checked against control tubes without antibiotics. It 


to report that with these cultures, as with those produced 


vrowtl 


is significant 
for clinical sensitivity study, 
in the media that contained cycloserine, when growth appeared, was often noticeably 
more profuse than that of control, or was at least equal. This is evidenced by the photographs 
of Cases 1 and IL where growth was more profuse in the cycloserine media. 


RESULTS 


In Table I, which shows the results of susceptibility tests, resistance to 


*KEli Lilly & Company 
*Merck & Company, Ine 


Formula given by Mackie, T. J., and McCartney, J. E.: in Handbook of Practical Bac- 
teriology, ed. 9, Edinburg, 1953, E. & S. Livingstone, Ltd., p. 198. 

















ime S¢ CYCLOSERINE: GROWTH ENHANCEMENT 609 


TABLE I. SUSCEPTIBILITY OF Myco. TUBERCULOSIS TO Cy< LOSERINE, AS COMPARED TO INH, 
STREPTOMYCIN, AND PAS IN RETREATMENT CASES 


INITIALLY RESISTANT TO 


CYCLOSERINI PATIENTS CULTURES SPECIFIC CULTURE SENSITIVITY 
5, 10, AND 20 MCG./ML. 15 85 REACTIONS 
INH, Streptomycin or PAS. Sen. to INH: 
A. Sensitive to 1; Res. to S. & PAS 
resistant to 2 
antibiotics 6 17 J) Sen. to 8.; 
Res. to INH & PAS 6 


Sen. to PAS: 
Res. to INH & S. S 


Sen to S. & PAS: 


B. Sensitive to 2: Res. to INH 21 


romans to 1 Sen. to INH & PAS; 


antibiotie lo 32 ) Res. to S. 6 


sen | 


to INH & S.; 
[ Res. to PAS 5 


(, Sensitive to 3 


antibioties eo 28 


1), Resistant to 3 
antibioties 9 e 


Sensitive to 20 meg./n 


INH, St eptomyecin or PAS, Res. to S. & PAS ” 
\. Sensitive to 1: 
resistant to 2 


= ) Res. to INH & PAS 


antibioties 9 11 | . AS 7 


Sensitive to wv: Res. to INH ~ 
resistant to 
“7 , |} Sen. to INH & PAS: 
antibiotie ; g j : 
Res. to S. 0 


Res. to PAS 0 
(*. Sensitive to 3 
antibtoties () 6 
I), Resistant to 3 
antibioties 0) 0) 
Total examinations 6? 1P0 
*Sen sensitive; Res resistant. INH, 6.2, 1, 5 meg. per milliliter. S streptomycin, 
10, 100 meg. per milliliter. PAS, 5, 10, 100 meg. per milliliter. 


eyeloserine occurs early in patients treated with the three antitubereulates. 
In 45 of the 62 patients, with 85 cultures, there was initial resistanee to 
eyeloserine, whereas 17 patients with 35 cultures were susceptible to a minimum 
of 20 meg. per milliliter and resistant to the two lower concentrations. All 
of the 17 initially sensitive to eycloserine were also sensitive to at least one of 
the other three antibiotics. Three of the 62 patients yielded organisms re- 


sistant to all four of the drugs used. 
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kis Case | 1. Control (no antibiotic) B, Cycloserine, 10 meg. per milliliter 
Big. 2.--Case II 1, Control (no antibiotic). B, Cycloserine, 20 meg. per milliliter 


Further breakdown of Table I shows the specific drugs to whieh the 
cultures reacted. Of the 85 eultures with a resistant reaction to 20 meg. per 
milliliter of eveloserine, $3 cultures were also resistant to INH, 25 were 
resistant to streptomycin, and 22 were resistant to PAS. These cultures were 
from patients who had been on treatment protocol to the three common anti- 


biotics for some time and had set up their resistance independent of cycloserine. 
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It was noted that those 17 patients who showed initial sensitivity to eyelo- 
serine were sensitive to a minimum concentration of 20 meg. per milliliter. 
In the tubes that contained the two lower concentrations of the drug, 5 and 10 
meg. per milliliter, growth was either equal to or significantly more abundant 
than that in the control tubes. Organisms obtained from 45 of the patients 
were initially resistant to eveloserine, up to 20 meg. per milliliter. In the ease 
of these organisms, media that contained any of the three concentrations, 5, 10, 
or 20 meg. per milliliter, supported in almost every ease growth either equal 
to or noticeably more luxuriant than on control. 

The striking appearance of growth enhancement, as demonstrated in Cases 
I and II, was very easily detected when the sensitivity reactions in a complete 
antibiotie series were compared (Figs. 1 and 2). The growth was so luxuriant 
that the tubes that contained the eveloserine could be picked from the series 
without identification. 

When the stability of eyeloserine was studied it was found that the anti- 
hiotie sterilized by heat or filtration made no difference in the growth pattern 
of the tuberele bacilli. Neither was there a difference in growth pattern on 
fresh antibiotie media compared with stored media in the lower concentrations 
of the drug. 


DISCUSSION 


It would appear desirable, after a review of the literature and in light of 
the aforementioned results, to refrain from prescribing e¢linieal dosages of 
eyeloserine for patients with tuberculosis prior to making thorough sensitivity 
studies of the organism strains yielded. These sensitivity studies should in- 
elude INIT, streptomyein, and PAS, as well as eveloserine. Such workers as 
Weleh,* Barelay and Russe,’ Epstein,® Lester,’ Toguri,* and Wolinsky® feel that 
the best results with eyveloserine are derived when the antibiotic is combined 
with one of the more common drugs to which the patient is sensitive. 

In a group of 62 patients previously treated with INIT, streptomyein, and 
PAS, and resistant to at least one of these, there is a high ineidenee (72 
per cent) of initial resistance to 20 meg. per milliliter of eveloserine. These 
patients have never received eyeloserine. It is possible that resistance to 
20 meg. per milliliter in vitro does not indicate resistance in vivo. The opinion 
today is that resistance to eveloserine occurs somewhere above 30 meg. per milli- 
liter. Therefore, larger doses of eveloserine should be used to bring blood 
serum econeentrations above the 30 meg. per milliliter level. 

Pyle and associates?” by using high dosage of eycloserine (30 mg. per 
kilogram), that is 1 to 2.5 Gm. daily, in salvage cases were able to improve 
over 50 per cent of their patients so that they could be operated upon. In 
spite of the use of anticonvulsive drugs, convulsions were high in the series 
f 50 patients. 

These in vitro observations are in aecord with the clinical and experimental 
findings outlined by Dunner,’ Wolinsky and Steenken,? and Patnode and 
associates.° 
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SUMMARY 


The evidence produced in this study indicates that sensitivity oceurs within 
some optimum concentration range for eyeloserine, but a lower concentration 
of the drug may have a significant enhancing effect. This is evidenced by 
those organisms which showed initial resistance to eyeloserine where the patients’ 
strain exhibited abundant growth on the 5 and 10 meg. per milliliter of medium 
that contained cycloserine. Growth, when it appeared, was either equal to or 
significantly more abundant than in the control tubes without antibiotic. 

When growth of tuberele bacilli was found, fresh working media that 
contained 5, 10, and 20 meg. per milliliter of eycloserine supported equal growth 
as that of stored media. Heat sterilization did not seem to affect the test media. 

The best diluent for cycloserine was found to be distilled water, saline, 
or Dubos broth (buffered). As stated by Steenken and Wolinsky,"! alkaline 
suspensions of ecycloserine were found to be more stable than acid and neutral 
solutions. 
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AN ASSAY OF ANTIILEMOPHILIC GLOBULIN ACTIVITY 
IN THE CARRIER FEMALE 


HerscukEL P. BENTLEY, JR., M.D..* AND WILLIAM Krivit, M.D., Pu.D.** 
MINNEAPOLIS, MINN. 


By using a modification of Quick’s erythrocytin assay for antihemophilic 
globulin, twenty-one definite carriers and five probable carriers were assayed for 
plasma antihemophilic globulin levels. It was found that twenty-three of the 
subjects showed abnormally low antihe mophili globulin levels (80 to 40 per ce nt) 
as compared to normal subjects (dU to 200 per cent of the mean). These low 
levels were furthe: characterized by the clinical manifestations of these carriers. 
Ne venty seven per ce nt of the carriers had a subjective history of easy bruising, 
11.4 per cent had prolonged blecdina afte) surgical operation, and 7 per ce nt 
had Pp olonaed blecdina after tooth extractions. 

In family studies, it was found that the antihemophilic globulin activity 
dé eloped by carriers in the same family and even throughout several ge nerations 
showed similar plasma antihemophilic globulin levels which suggested that the 
exact plasma antihemophilic globulin level is cvidently a genetically controlled 
factor. 


_ hie Ilay,’ in 1813 deseribed the first pedigree of hemophilia in the 
Appleton-Swain family, many attempts have been made to demonstrate an 
abnormal coagulation mechanism in the human earrier female. These have 
ranged from clotting times® * to the more refined studies of the thromboplastin 
generation test,** prothrombin consumption,® plasma recalcification times,® and 
antihemophilie globulin’? (AHIG) assays. Some of these studies have shown a 
slight coagulation defect but most reports have failed to confirm conclusively 
that carriers have coagulation mechanisms different from the normal mechanism. 
Ilowever, Pitney and Arnold’ recently used a sensitive modification of the 
thromboplastin generation test and showed that a mild deficiency of AHG 
existed in a majority of female carriers. Therefore, if one is to demonstrate 
this possible AHG deficiency in carriers, it seems imperative to have a very 
sensitive assay method for AHG. 

Shinowara,'® Quick and co-workers,'' and Georgatsos and associates’* have 
shown that there is a clotting factor in human red blood cell stroma, termed 
“erythrocytin” by Quick,'* which is liberated after hemolysis of erythrocytes. 
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This factor has been shown to have a very weak thromboplastie action as it will 
change only 7 per cent of 1 unit of prothrombin to thrombin when substituted 
for thromboplastin in the normal one stage prothrombin time.'® However, there 
is presumably an interaction of erythroeyvtin with antihemophilie globulin 
AIIG) in platelet poor normal plasma which causes a marked inerease in the 
prothrombin consumption values as measured by the method of Quick.’* In 
contradistinetion, if this erythroeytin is added to platelet poor plasma from a 
patient with AILG deficiency, there is no change in the prothrombin consumption 
values. Therefore, if increasing minute amounts of normal plasma are added 
to a substrate of erythrocytin and hemophiliae plasma, there is a direct linear 
relationship of inereasing prothrombin consumption values to the increasing 
amounts of normal plasma added. By this technique, the minute difference 
between the AILG content of 0.0005 and 0.0008 ml. of normal plasma can be 
deteeted. 


The purpose of this study is to determine whether, by applying this 
method, a deficiency in the plasma AHG eontent in carrier females can be 
deteeted. 


CLINICAL MATERIAL 


The hemophiliae patients were previously proved to be AHG deficient by the thrombo 
plastin generation test. Unless otherwise specified, all had severe hemophilia and did not 
have a partial deficiency of AHG. None of the patients could be classified as having “ 


vascular 
hemophilia” as they had normal bleeding times. 


The criteria established for the definition of carriers were similar to those of Merskey 


and MaeFarlane.s Definite carriers were established as: (1) mothers who had two or more 


children with either hemophilia and/or proved carrier states; (2) mothers who only had 
either a hemophiliae or a proved carrier offspring but who also had a positive family history 


of classic hemophilia; (3) daughters of hemophiliae men. The probable carriers were defined 


as mothers who had one hemophiliae or proved carrier offspring but no other family history. 


MATERIAL AND METHODS 


The substrate for the test consisted of erythrocytin, hemophilic plasma, and aged serum. 


The hemolyzate which contained erythrocytin was prepared by the method of 
Georgatsos.12. Nine volumes of blood were collected in a siliconized syringe and mixed with 
1 volume of 0.1M sodium oxalate solution, This was centrifuged for 5 minutes at 1,000 r.p.m., 
and the plasma and buffy coat removed. The plasma was replaced with an equal volume of 
0.85 per cent saline and mixed thoroughly by tilting gently. The mixture was again 
centrifuged at 1,000 r.p.m. for 5 minutes and the supernatant was removed. The cells were 
resuspended by tilting in an equal volume of 0.85 per cent saline, and the mixture was 
centrifuged at 2,000 r.p.m. for 20 minutes. This step was repeated three times. At the end 
of this time, the cells were resuspended in a volume of saline equal to the original plasma 
volume, vigorously mixed by stirring, and frozen at -20° C, for 12 hours, The hemolyzate 
was then thawed and distributed in 1 ml. aliquots and stored at -20° C. It can be repeatedly 
thawed and refrozen without losing its potency. 


AllG-deficient plasma for the substrate was obtained from known hemophiliac male pa 
tients who were shown to have a prothrombin consumption time between 8 to 10 seconds as 
shown by the method of Quick. If the substrate plasma had a prothrombin consumption 
value above 8 to 10 seconds, the resulting erythrocytin prothrombin consumption values were 
above the range of normal. The blood was drawn and mixed thoroughly but gently with 1 


ml. of 0.1M sodium oxalate solution per 10 ml. of blood. This was centrifuged at 3,500 r.p.m. 
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for 20 minutes, and the plasma was then immediately frozen at -20° C. in 1 ml. aliquots. 
Only two donors were used for the souree of hemophilie plasma throughout the study. Their 


Nasmas gave identical prothrombin consumption values. 
s } 
faced scrum was prepared by the method of Quick.1 


The quantities of substrate material consisted « 


f 0.1 mi. of hemoly zate which contained 
erythroeytin, 1.0 ml. of AHLG-deficient plasma, and 0.001 ml. of aged serum. 

Test plasma was obtained by drawing 5 ml. of blood from the patient in a fasting 
ondition (normal, hemophiliae, or suspected carrier) by means of a siliconized syringe and 
needle. This 5 ml. of blood was added to 0.5 ml. of 0.1M sodium oxalate solution and was im 
mediately centrifuged at 10,000 r.p.m. in the International refrigerated centrifuge at 4° C. 
for 10 minutes. The resultant platelet poor plasma was carefully pipetted off and was either 
used immediately or was rapidly frozen by immersion in a dry ice and acetone mixture for 
later use. The plasmas that had been frozen were thawed by placing in a water bath at 37° C, 

The dilution of the test plasma was made just prior to beginning the procedure by 
accurately pipetting 0.11 ml. of test plasma into 9.9 ml. of 0.85 per cent saline. The resulting 
diluted plasma was added in aliquots of 0.01, 0.025, 0.05, 0.08, and 0.1 ml. to tubes which 
contained the substrate material. 

The test plasma and substrate mixture were allowed to incubate together at 37° C. for 


1 minute and then 0.1 ml. of O.25M ecaleium chloride solution was added. The tubes were 


‘arefully observed for formation of a solid elot. Exactly 15 minutes after clotting occurred, 
the clot was loosened with a stirring rod, The tube was ee ntrifuged at 2.500 r.p.m. for ] 


minute and returned to the water bath and incubated for 45 additional minutes. 
The serum in each tube was then measured for prothrombin content by the method of 
Quick,! 


The souree of fibrinoger 


was human plasma treated with barium sulfate prepared by 


mixing 100 mg. of barium sulfate per 1 ml. of plasma, shaking constantly for 5 minutes, 


ntrifuging, and then using the supernatant plasma. 
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One tenth milliliter of plasma treated with barium sulfate, 0.1 ml. rabbit brain 
thromboplastin (Difco Laboratories), and 0.1 ml. of 0.025M calcium chloride solution were 
mixed and allowed to incubate for a few seconds at 37° C. One tenth milliliter of the test 
serum was blown into the mixture, and the time in seconds until the first formation of fibrin 
strands was noted. The resultant time was the throeytin prothrombin consumption time. 
There was no difference from the original AHG activity in test plasma of normal 
subjects, hemophiliae patients, or carrier individuals after rapid freezing, storage, and later, 
thawing. 
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PROTHROMBIN CONSUMPTION WITH ERYTHROCYTIN IN SECONDS 


0.0008 
PLASMA DILUTION (mi) 


Fig. 2.—Demonstration of the erythrocytin prothrombin consumption times in seconds 
0.0008 ml. dilution of normal, AHG hemophiliac, and female carrier plasmas. 


RESULTS 

The normal range of erythrocytin prothrombin consumption time wa 
determined on 30 male and 20 female subjects. These results are shown in Fig 
1. As increasing amounts of normal plasma were added to the test substrat 
of erythrocytin, hemophilic plasma, and aged serum, the prothrombin cor 
sumption in seconds steadily rose. The average time at 0.0001, 0.0005, 0.000% 
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and 0.001 ml. was 14.4, 31.6, 38.4, and 48.7 seconds, respectively. This rise was 
presumed to be due to the increasing amounts of AI1G added. There was no 
difference between the range and average of normal male and female patients. 

In addition, the variations of 2. hemophiliae patients are shown in Fig. 1. 
In contrast to the results obtained when normal plasma was used, increasing 
amount of hemophilie plasma (AIIG deficient) did not increase the prothrombin 
consumption. This was presumably due to the absence of AHG in the tested 
hemophilie plasma. 

Thus, it seems evident that one is actually measuring AHG activity in this 
test system, and the test is sensitive enough to determine the difference in the 
AILG activity between a dilution of 0.0005 and 0.0008 ml. of normal test plasma. 
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@ = carrier 3 * HEMOPHILIAC 
Fig. 3 Family tree showing heritage and prothrombin consumption at 0.0008 ml. plasma dilu- 


tion Lower range of normal, 29 seconds. 


Also in Fig. 1, the prothrombin consumption activity produced by plasma 
of female carriers is recorded. Fig. 2 shows the speeifie differences obtained 
when 0.0008 ml. of test plasma was used. All except three of the earriers fall 
in the area between the normal range and the hemophiliae range. These differ- 
enees are statistically significant as shown in Table I. At the dilutions of 0.0005, 
0.0008, and 0.001 ml., the differences between carrier and normal subjects and 
the differences between carrier and hemophiliae subjeets show a p value of less 
than 0.0001. 

If the mean values of the normal control subjects from Fig. 1 are plotted, 
ising the 0.1 value as 100 per cent, a fairly good linear relationship is obtained. 
The data thus suggest that the normal range of AIIG activity is wide, approxi- 
mately 50 to 200 per cent of the mean. This is in agreement with the range 
reported by others.?. By this method, most of the carrier subjects fall in the 30 
0 40 per cent range of AHG activity. 

Fig. 3 shows the AIIG levels for 3 generations in one family. Notice that 
he son and the grandson have identical AIIG assay levels, and the mother and 
he daughter have almost identical amounts. This was the only family where 
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we were able to assay 3 generations in the same family. However, the constane) 
of AILG levels in families is further shown in Table If. In Family 1, all the 
sisters have the same prothrombin consumption values. Their affected hemo 
philiae offspring have erythroeytin prothrombin consumption values of 11.8 and 
Y seconds. The remaining two families demonstrate that the erythroeytin pro 
thrombin consumption values of subjeets with hemophilia born of the same 


carriers are identical (Family 2; 10 and 11 seconds, Family 3: 14 seconds 


TABLE I. STATISTICAL EVALUATION OF MEANS AND STANDARD DEVIATIONS OF EaAcuH Group 


AMOUNT 
PLASMA 
FROM 
PATIENT 
ADDED TO PROTHROMBIN CONSUMPTION TIMI 
SUBSTRATI SEC. 
ML. GROUP NORMAL MEAN S.D. CONSTA? 
0.0005 Co oO 5 32.2 6.48 
} ) ntrol 00 0-5 4 ( 9.27 0.0001 
Carrier 26 19.86 5. 
Hemophiliae 25 11.9 2.30 7.30 < 0.0001 
0.0008 Control 50 88.88 7.37 } . 
- S.6 <—OL000] 
‘ . - - \ as 7 
Carrie! 26 22.97 iS ) 
Hemophiliae 95 12.12 9 65 ( 6.7 0.000] 
0.001 } ) “0 Q 19 ° 
3 ! Control ot $9.12 11.1, 78 <—0.0001 
Carrier °6 27.63 11.5 ; 
Hemophiliae 25 12.24 265 | 6.7 0.0001 
rABLE I] 
PROTHROMBIN 
CONSUMPTION 
CASE NO. IN AT O.OOOS ME. 
FAMILY RELATION AHG STATUS rABLE I IN (SEC. 
l Sisters Carrier l 18 
S IS 
9 17 
Cousins IHlemophiliae l 1] 
~ “a Ss 
Ss b 9 
y4 Brochers Hemophiliae 6 a aD 
(bh 11 
o Brothers Hemophiliae 7 a 14 
| 14 


The clinical manifestations of the hemorrhagic tendencies in these earriers 
are very interesting. All but four of the earriers had a subjective history of 
very easy bruising. One mother had a severe hemorrhage after an operation 
and required 2 pints of blood. Two mothers had profuse bleeding after tonsil 
lectomy which lasted 3 days in both instances. Two other mothers had a histor) 
of prolonged slow bleeding after tooth extractions. As would be expected, none 
had any bleeding difficulties associated with delivery of their children. The 
three carriers who showed normal AIIG levels had no evidenee of any hemor 
rhagie tendency. 
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Of the 3 women who had normal AIG levels by this test, two were definite 
earriers and the third was a probable carrier by the definitions previously 
established. 


DISCUSSION 


A deficiency of AILG in the female has been a concept that has only gradu- 
ally been aecepted. This probably stems from the classie deseription of hemo- 
philia Occurring only in the male and never in the female. Ilowever, there how 
appear to be 3 distinct entities where the female shows lowered levels of anti- 
hemophilie elobulin. 


Kirst, the human female with elassie AIG deficiency is a rare occurrence 
but has been deseribed several times.*'* This results from the mating of a 
hemophiliae male and a earrier female with the female offspring deriving an 
affected gene from eaeh parent, 

Second, vascular hemophilia which is characterized by a prolonged bleeding 
time with normal platelets, usually a positive Rumple-Leede test, anatomically 
abnormal eapillaries, and a low level of plasma AIIG has been well characterized 
in the female." The importance of careful differential diagnosis in this regard 
has been recently stressed by Graham. 

The third, a partial deficieney of AITG in carriers, is a subject of debate. 


Some authors have found that these women have no bleeding tendencies evident 


clinically, ° whereas others have deseribed definite bleeding tendencies as 
evidenced bv severe and prolonged hleeding after tooth extractions® ** *> and 
tonsillectomies,?* *> easy bruising, and menorrhagia.*” In 20 of 26 


77 per cent) of our earriers there was a subjective history of bruising easily 


while 3 of 26 (11.5 per cent) had prolonged bleeding after surgical operation 
and 2 of 26 (7 per cent) after tooth extractions. 

Until recently, the only earriers with proved low AITIG levels have been 
solated cases who had levels of AILG low enough to cause bleeding tendencies 
ind to be demonstrable with the laboratory techniques available.2* *> *" Other- 
vise the studies performed on carriers of severe hemophilia have produced 
ormal results.* * *'° Tlowever, occasionally an abnormal subject has appeared 
vith enough regularity that the search to demonstrate a difference from the 
ormal has continued. Margolius and Ratnoff® had 4 carriers out of 27 with a 
rolorged silicone clotting time. Also, 1 earrier had an abnormal modified 
iromboplastin generation time and a prolonged recalcification time when the 
atient’s plasma was added to hemophilie plasma. Merskey and MaecFarlane* 
eseribed 3 earriers of 33 who had slightly prolonged clotting times and pro- 
irombin consumption less than normal. Didisheim and co-workers*® in a large 
ries of carriers of both AHG and plasma thromoplastin component deficiency 
owed that 12.7 per cent of AIIG carriers and 28.6 per cent of plasma thrombo- 
astin component carriers were abnormal in two or more of their coagulation 
idy tests. In addition, Stefanini and Dameshek* have described the presence 
the alpha X globulin in the plasma electrophoretic pattern of hemophiliaes 
d in many earriers. 
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Recently there have been two major contributions in the endeavor to test 
for carrier states. Pitney and Arnold*® demonstrated an AHG level below 
normal in 10 earriers and 4 possible carriers of AILG deficiency in 25 patients 
tested by a modified thromboplastin generation test. These observations are 
strongly supported by the findings in our series. The earrier state in another 
type of hemophilia was demonstrated by Bond and associates*’ who have de 
seribed a definite deficiency of plasma thromboplastin component in carriers of 
plasma thromboplastin component deficiency by using a new substitute for the 
platelet factor in the thromboplastin generation test. 


These previous positive studies have utilized methods other than the 
erythrocytin test for determining these AHG levels. The extreme sensitivity of 
this erythroeytin test is shown by the ease which it detects the addition of 
0.0008 ml. of normal plasma to 1 ml. of hemophilie plasma. Although the 
mechanism of this reaction is not known, the observation remains that as in 
creasing minute amounts of normal plasma are added to the test substrate, the 
prothrombin consumption values increase. Conversely, the prothrombin con 
sumption values do not change with the addition of AILG-deficient hemophilice 
plasma. 


The reproducibility of results with this test is shown by the similar pro 
thrombin consumptions noted in the family studies. The data so obtained in 
Fig. 3 indicate almost identical levels throughout 3 generations in one family. 
The similarity of results obtained in siblings and their offspring are shown in 
Table II. Reproducibility is also indicated by observing the same prothrombin 
consumption in replicate determinations in the same subject. These tests were 
done without identification as to prior clinical diagnosis. 


It seems evident from these studies that the female carriers manifest an 
abnormal X chromosome by a lowered plasma AHIG activity. The exact content 
is probably determined by an abnormal gene that is transmitted from generation 
to generation. However, the ability to diagnose the carrier state is still not 
available. It is to be noted that although the vast majority of these carriers 
showed abnormally low AIIG levels by this method, three developed normal 
AIG plasma aetivity. 


SUMMARY 


Twenty-one definite carriers and five probable carriers of antihemophilic 
globulin (AHG) deficiency were assayed for the AHG plasma levels by means 
of a modification of the erythroeytin method of Quick. Twenty-three of the 
subjects showed abnormally low AHG levels (30 to 40 per cent) in the range 
between those found in normal persons and in patients with hemophilia. 

The similar levels of AHG in siblings and in different generations of the 
same family have been illustrated, which suggest that the exact plasma level oi 
AHG is evidently a genetically controlled factor. 

Five of the mothers had hemorrhagie difficulties associated with surgica 
procedures and twenty-two gave a personal subjective history of easy bruising 
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CHANGES IN BILE CANALICULIL PRODUCED BY NORETHANDROLONE: 
ELECTRON MICROSCOPIC STUDY OF HUMAN AND RAT LIVER 


FENTON SCHAFFNER, M.D., Hans Popper, M.D., ANp Vicror PEREZ, M.D.* 
New York, N. Y. 

Norethandrolone is a substituted testosterone which produced cholestasis in 
some patients. It was given in doses known to produce sulfobromophthalein 
retention to patients with normal liver function and to normal rats to see if 

ultrastructural changes occurred which would clarify the mechanism of jaundice 
development. Liver biopsy specimens were obtained from all subjects and, by 
histologic examination with the light microscope, these were shown to be normal. 
Under the electron microscope, many bile canaliculi in all patients and animals 
were dilated and their microvilli were shortened and reduced in number, similar 
to the alterations encountered in cholestasis. The remainder of the liver cell was 
normal. This. suggests that norethandrolone exerts a specific effect on bile 
canaliculi and that jaundice from administration of this drug is not the result 


of hype Tse nsitir ity. 


oe 17-ethyl nortestosterone, a weak androgen with 
potent nitrogen sparing ability, produced jaundice in a few underweight 
patients’? to whom it was given because of its protein anabolie action. Sulfo- 
bromophthalein retention, however, was noted® in almost all patients receiving 
the drug, and this developed regularly within two weeks if the dose was large 
enough. The jaundice was usually transient and associated with elevated serum 
activity of alkaline phosphatase and of glutamie oxalacetie transaminase.* Liver 
biopsy specimens from the jaundiced patients showed cholestasis usually with- 
out inflammatory exudate in the portal tracts. In an attempt to elucidate the 
mechanism of this jaundice, norethandrolone was given to a group of patients 
and to rats in doses known to produce retention of sulfobromophthalein, and 
specimens of liver tissue obtained by needle biopsy were examined under the 
eleetron microscope. 


MATERIAL AND METHODS 


Four male patients received orally 90 mg. norethandrolone daily in divided doses 
ra period of 2 weeks. They initially had normal liver function as measured by routinely 
sed tests. One was recovering from a subtotal gastrectomy for duodenal uleer, one had 
n esophagogastrectomy for carcinoma of the esophagus, one had a pancreatectomy for 
onobstruecting tumor, and one had severe functional dysphagia. All were underweight 
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Fig. 1—A, Electron micrograph of normal rat liver showing undilated canaliculus (C) 
with microvilli (arrows) lying between two cells and formed from cell walls (CW) of the two 
cells. Mitochondria (M), ergastoplasm (FE), and lysosomes (L) are normal (Magnification 
x45,000; reduced %.) B, Electron micrograph of normal human liver showing longitudinal 
section of undilated bile canaliculus (C) with many microvilli (arrows). Normal organelles 
such as mitochondria (M), lysosomes (L), and ergastoplasm (FE) are seen in the cell cytoplasm. 
(Magnification 40,000.) 


and ambulatory. Liver biopsy was performed at the end of the treatment with the 
Menghini needle, 

Small bits of the fresh tissue were quickly placed in ice cold 2 per cent osmium 
tetroxide (unbuffered and titrated to pH 7.4). After fixation for 60 to 90 minutes, the 
tissue was washed, dehydrated in alcohol, and then embedded in n-butyl methacrylate. 
Sections 0.1 w in thickness were cut in the Porter Blum microtome. They were mounted on 
coated copper grids and examined with a Philips model EM100 electron microscope at 100 
kilovolts. 

The rest of the specimens were fixed in formalin for routine histologic examination 
In addition, two rats, each weighing 200 grams, received intramuscular daily injectior 
of 12.5 mg. norethandrolone in sesame oil with benzyl alcohol for 8 days. At the end of 


this time the animals were stunned by a blow on the head, and a biopsy specimen of live! 

















: me 5¢ EFFECTS OF NORETHANDROLONE 625 
imber 4 
tissue was obtained from the animal, quickly cut into small pieces, placed in osmium 


tetroxide, and prepared as was the human material. 
RESULTS 

The rat liver tissue appeared normal on routine histologic examination. 
The human livers showed mild nonspecific changes commensurate with the ages 
of the patients, their state of nutrition, and their underlying illness or recent 
operation. These changes included mild portal infiltration with inflammatory 
eells, slight proliferation of bile duetules surrounded by inflammatory cells, a 
few areas of foeal necrosis, and an increase in the size and number of Kupffer 





administration of norethandrolone 
(arrow) between two cells. 
A fragment of a 


human liver after 
canaliculus (D) near extension of tissue space 
mitochondria are normal. 
~15,000; reduced %.) 
Fig. 3.—Electron of dilated bile canaliculus (D) be- 
two parenchymal cells in liver of patient treated with norethandrolone. Note the seg- 
reduced \%.) 


Fig. 2.—Electron micrograph of 
Owing dilated bile 
he ergastoplasm (EF) and the numerous ovoid 
ipffer cell (K) is seen on the left. (Magnification 

micrograph of longitudinal section 


veen 


ents which are bare (Magnification 30,000; 


of microvilli (arrow). 
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cells. These varied from lobule to lobule, and not all were present in each 
patient. Considerable lipofuscin pigment was noted in the centrolobular zone. 
No evidence of bile stasis was encountered, although in some areas the bile 
canaliculi appeared widened when viewed with the oil immersion objective. 
Under the eleetron microscope the structure of the individual liver cells 
was normal both in the human and rat livers. Nuelei, nucleoli, ergastoplasm, 
mitochondria, and eell borders seemed to be well preserved, In rat livers 
amorphous material containing no organelles and presumed to be glycogen was 
abundant (Fig. 5). In the human livers vacuolated osmiophilie bodies varying 
from 0.5 to 2.0 « in diameter were seen and thought to be lipofuscin granules. 


No other lipid accumulations were found. 





Fig. 4 Same specimen as Fig. 3 showing cross section of two canaliculi draining one 
liver cell, one dilated (D) with short and thin microvilli and the other (arrow) with normal 
microvilli. The walls of the liver cell (CW) and the ergastoplasm (EF) are normal (Magnifica 
tion 25,000; reduced %.) 


Fig. 5.—Dilated bile canaliculus (D) in a rat given norethandrolone 12.5 mg. intramus- 
cularly daily for 8 days with much glycogen (G), normal ergastoplasm (EF), and ovoid mito- 
chondria In the extension of the tissue space a few fine reticulum fibers (arrow) are noted 
(Magnification x 20,000; reduced %.) 


The bile canaliculi showed the most striking changes. Both in the rat and 
human livers, one fourth to one third of the canaliculi were dilated from a 
normal diameter of less than one micron (Fig. 1) to 2 or 3 pw (Figs. 2-5). 


Dilated canaliculi were sometimes within 5 ,» of undilated ones and, indeed, 
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occasionally bordered on the same liver eell (Fig. 4). The organelles in the 
liver cells which formed these dilated canaliculi were normal. Bile plugs were 
not found. 

The microvilli in the undilated canaliculi were about 0.1 » in diameter and 
0.5 » in length. In the round cross sections of eanalieuli 10 to 25 microvilli 
could be counted. Some dilated canaliculi had normal microvilli as far as 
number, size, and shape were concerned, whereas others contained fewer, thinner, 
and shorter microvilli. In addition, microvilli were missing from stretches of 
eanaliculi as long as 1.0 yp. 


DISCUSSION 


An alteration of the canalicular membrane of the liver cells is the morpho- 
logic substrate of human cholestasis as seen under the electron microseope.® In 
all eases of jaundice associated with cholestasis, the mierovilli of the bile 
canaliculi were stunted or missing, although some bile canaliculi were dilated 
and others were not. This change might be explained as the result of inereased 
luminal pressure in extrahepatic biliary obstruction and in some forms of intra- 
hepatie cholestasis, whereas in others in which no evidence for increased pressure 
existed, the canalicular changes were considered to be primary lesions. 

Administration of norethandrolone in doses known to produce retention of 
sulfobromophthalein was associated with canalicular dilatation and changes of 
microvilli in the absenee of cholestasis, at least as reflected in serum bilirubin 
levels. A mechanical cause for canalicular alteration cannot be demonstrated. 
Inflammatory lesions in the portal tracts (so-called cholangiolitis) which can be 
demonstrated by light microscopy in some instances of drug indueed jaundice, 
for instance, in stages of chlorpromazine induced jaundice,® are not necessarily 
present in patients who develop jaundice after administration of norethandrolone 
and were absent in the cases under diseussion. Moreover, the lack of uniformity 
of the dilatation militates against elevated intraluminal pressure as the cause 
of the alteration of the canaliculi. The normal appearance of the liver cells 
themselves even under the electron microscope speaks against a connection be- 
tween damage of the cytoplasm of the liver cells and the canalicular changes. 
The latter therefore have to be considered as a primary process involving the 
eanalicular membrane of the liver cells. The relation of the lesion to cholestasis 
requires further investigation. Widening of the bile canalieuli and reduction 
of the microvilli should reduce the resistance to the flow of the viscous bile rather 
than inerease it. Nevertheless, further study of the membrane function reflected 
by the presence of microvilli is therefore required. 

Quantitative rather than qualitative differences in the bile canaliculi be- 
tween cholestatic jaundice which occurs sporadically and the changes which 
ecur regularly even without jaundice in man and animals after administration 
f norethandrolone suggest that the same mechanism underlies both. This 
implies that the cholestatic type of jaundice which follows administration of 
substituted testosterone preparations is a regular response with variations in 
ntensity. 
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SUMMARY 


Norethandrolone in doses known to produce retention of sulfobromophthalein 
was given to four patients and two rats, and specimens of liver were examined 
under the electron microscope. The characteristic alteration was dilatation of 
some bile canaliculi to two or three times normal diameter with shortening or 
loss of microvilli in these canaliculi. The canalicular changes were related to 
the cholestasis sporadically produced by this drug. They seem to represent a 
milder degree of the same process which suggests that cholestatic jaundice 
caused by norethandrolone is not a hypersensitivity reaction. 
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SERUM COMPLEMENT IN AMYLOIDDOSIS 


RaLeu C. Wituiams, Jr., M.D., AND Davin H. Law, IV, M.D. 
MONTGOMERY, ALA., AND NEW YORK, N. Y. 


Nerum comple ment levels are studied ina group of 24 patie nts with various 
forms of amyloidosis. Included in this group are 10 patients with lepromatous 
leprosy and amuloidosis, ~ patients with amyloidosis and hone marrou plasma 
cytosis, the majority of u hom had multiple muyucloma, and ? patients with 
amyloidosis without concomitant marrow plasmacytosis. No uniform depression 
or elevation was noted in the serum comple ment levels in the group as a whole: 
however, in the patie nts with amuloid and marroi plasmacytosis, a significant 
depression of serum comple mont oceurred. A control group of patie nts with 
multiple myeloma and lymphoma, who had marrow plasmacytosis without associ 
ated amyloid dise ase, shor ed no depression ns Se¢ “on comple ment le vels. The 
possible significance of this observation with respect to an in vivo comple ment 


firation by amyloid is discussed in the light of what is currently known concern 


ing kinetics of complement and antibody production 
J i YI . 


URING the course of a study of serum complement variations in patients 

with connective tissue disorders,’ we encountered a patient with amyloidosis 
secondary to malignant lymphoma who showed no detectable serum complement 
in five determinations over a period of 11 months. If deposition of amyloid 
represents part of an abnormal immune process, absence of serum complement in 
such patients could indicate in vivo complement fixation by an antigen-antibody 
reaction. Abnormally low or absent complement might reflect deviations 
of synthesis of serum complement or abnormal losses through rapid turnover 
within the body. We therefore elected to study other patients with various 
forms of amyloid disease. 


METHODS AND MATERIALS 


Serum complement was determined by the procedure of Fischel? after the method of 
Mayer and collaborators’, 4 using the 50 per cent hemolysis technique which estimates 
complement activity by hemolysis of sensitized sheep red cells. Calculation of complement 
in 50 per cent units per milliliter of serum has been previously outlined.1 All sera 
studied had been separated and stored at -40° C. within 2 hours of collection. Sera that 
showed low or absent complement activity were tested for possible anticomplementary 
action by mixing with serum of normal complement activity, diluted appropriately, and 


subsequent complement determination in the usual manner, 
PLAN OF STUDY 
Twenty-four patients with amyloidosis were studied. These patients were divided 


. x 
intO o groups, 
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Group 1 comprised a series of 10 patients with far advanced lepromatous leprosy and 
presumed secondary amyloidosis.* Patients were included in this group of presumed amyloid 
subjects if Congo red retention showed progressive increase above 70 per cent, or in the face 
of Congo red retention below 70 per cent, if hepatosplenomegaly and persistent albuminuria 
were present. Patients in the leprosy-amyloid group were studied together with 60 patients 
who had leprosy of similar duration and extent who did not manifest the signs of amyloidosis. 
Group 2 included 7 patients with significant bone marrow plasmacytosis (10 per cent o1 
greater). Of these, 5 patients had multiple myeloma and associated amyloidosis, one patient 
had malignant lymphoma, and one had amyloidosis of secondary distribution, which was due 
to unknown cause. Diagnosis of amyloidosis were confirmed by autopsy or biopsy in all 7 
patients. A control group of 10 patients with myeloma and lymphoma who were known to 
have marrow plasmacytosis but who did not have amyloidosis were studied. 
Group 3 constituted 7 patients with amyloidosis of various types without concomitant 
marrow plasmacytosis. Amyloid deposition was proved by biopsy or autopsy in all patients 


of this group. 


RESULTS 

Complement levels on 123 normal subjects previously reported’ were used 
as controls. Range of normal was from 35 to 54 50 per cent hemolytic units 
per milliliter of serum (U50 per cent) with a mean normal of 44 U50 per cent 
+ 1 standard deviation of 4.7. 

In the leprosy group, serum complement in 10 subjects with amyloidosis 
ranged between 36 and 66 U50 per cent with mean value of 52 U50 per cent. 
This represented no significant difference from a control group of 60 patients 
with leprosy alone whose mean and median serum complement level was 52 U50 
per cent. 

In the group of patients with amyloidosis and marrow plasmaeytosis, serum 
complement ranged between 0 and 34 U50 per cent with a mean value of 11 U50 
per cent. <A control group of 10 patients with plasmacytosis, but without 
amyloid disease (6 myeloma and 4 lymphoma) showed a range of serum comple 
ment between 37 and 70 U50 per cent, with a mean value of 56 U50 per cent. 

The 7 patients with other forms of amyloidosis, but without plasmacytosis 
showed serum complements ranging between 34 and 82 U50 per cent, with 
a mean of 53 U50 per cent. Results are tabulated for all groups studied in 
Table I. 

All of the 24 patients with amyloidosis had electrophoretie analyses 
performed. No relationship could be noted between elevations in gamma 
globulin and depressions of serum complement activity. There was no evidence 
of significant anticomplementary activity in the sera from the various patients 
with amyloidosis studied. 

DISCUSSION 

Uniform depression of serum complement does not occur in the patients 
studied with various forms of amyloidosis. The one group of patients who did 
exhibit complement depression with concomitant amyloidosis were those who 
showed a relative plasmacytosis in the bone marrows. Most of this latter group 


*Furnished through the assistance of the U. S. Public Health Service Hospital at 
Carville, La 
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TABLE I 


SERUM COMPLEMENT 
PATIENT NO. U50%/ML. SERUM* REMARKS 


Group 1. Amyloidosis and Leprosy (10 Patients). 


] 66 Control leprosy alone 
- 36 (60 patients 

3 iS Range 40-75 U50% 

1 12 Mean 52 U50% 

5 D6 

6 iS 

7 DS 

Ss 51 

9 D4 
10 62 


mean o2 


G oup ee Amiulo dosis and Plasma utos 


] 34 Control plasmacytosis alone 
< 0) (10 patients 

3 0 Range 37-70 US50% 

I 12 Mean 56 U50% 

5 7 

6 0 


mean 11 


Group ce {myloidosis Without Plasmacytosis. 

l 70 
o go 
| HY 
} a¥ 
= 1e 
a) ot 
7 3S 

mean  oO8 


*Range of normal serum complement levels is 35 to 54 U50 per cent + 1 S.D. of 4.7. 


had multiple myeloma. Marrow plasmacytosis alone was not accompanied by 
a depression of complement level, as ean be noted among the control patients 
with myeloma studied. These data suggest that complement kineties—possibly 
synthesis, utilization, or exeretion—in amyloidosis associated with plasmacytosis 
is of different character from that of the other patients with amyloidosis studied. 
Moreover, complement in patients with amyloidosis and plasmacytosis might be 
fixed in vivo by a quantitatively greater amount of antigen-antibody interaction 
than in the remainder of subjects with amyloidosis. A serum inhibitor, not 
demonstrable by the usual erude anticomplementary tests, may explain low 
complement values in the group with amyloid and marrow plasmacytosis. Such 
an inhibitor has been recently deseribed by Levy and Lepow.* 

The role of plasma eells in the genesis of amyloidosis has been mentioned 
by Teilum® during the experimental production of amyloid using nitrogen 
mustard. He observed a suppression of plasma cells and other pyronin-positive 
cells in the course of induced amyloid deposition. Plasma cells have been closely 
linked with antibody production in numerous studies*® but never specifically 
with complement variation. Indeed, there is reason to suspect that the factors 


governing complement production or actual serum complement level may be of a 
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different sort from those related to antibody production. In support of this 
concept, studies by Schwab and eco-workers'’ have demonstrated that when 
x-radiation prevented antibody production in rabbits, serum complement levels 
did not fall. Tlowever, these authors did notice close temporal relationships 
between depression of serum complement and disappearance of antigen from the 
circulation. Later, the appearance of homologous antibody in the experimental 
animals was correlated with return of serum complement to normal levels and 
the development of tissue lesions. This concept suggests an active role for 
complement in the genesis of cellular damage during experimental antigen- 
antibody reaction. 

Low complement levels have been previously attributed to liver disease’? ** 
by appraisal of patients and by animal studies. In carefully reviewing available 
autopsy findings and serial laboratory studies among the 24 patients studied, 
no predominance of hepatocellular damage or hepatie amyloid deposition was 
apparent in those patients who showed low complement values. Similarly, no 
specifie locus of organ involvement by amyloid deposition could be correlated 
with the low serum complement levels found among our patients. This was 
somewhat surprising, since many of the patients with amyloidosis studied were 
considered to have the nephrotic syndrome, a condition previously often aSSOC1- 
ated with low complement levels.’ ' 

Sinee no uniform depression of serum complement oceurs in the spectrum of 
amyloid disease studied here, speculation as to the binding of complement by an 
in vivo antigen-antibody reaction seems unwarranted, though not impossible. 
It would appear more likely that patients with amyloidosis and myeloma or a 
mveloma-like disease have some deficieney in complement production or replace- 
ment. Studies are indicated to test complement production and turnover in 
such patients, as in their responses to acute infections or other similar well- 


recognized stimuli of immune responses. 


SUMMARY 

1. Serum complement levels in 24 patients with amyloidosis were studied. 

2. The amyloidosis of lepromatous leprosy, chronic suppurative disease, and 
other disease states was not accompanied by either uniform elevation or de- 
pression of serum complement levels. 

3. All 7 patients with plasmacytosis and amyloidosis showed low serum 
complement levels. 

4. Plasmaeytosis in bone marrow alone, without amyloid deposition, was 
not accompanied by complement depression. 

5. When amyloidosis is suspected, low serum complement levels accompanied 


by marrow plasmacytosis may help to appraise the diagnosis. 


We are indebted to Sister Hilary Ross of the U. S. Publie Health Service Hospital, 
Carville, La., for the sera studied from patients with leprosy. We should also like to express 
our appreciation to Dr. Evan Calkins of the Arthritis Unit, Massachusetts General 


Hospital, who furnished us sera and encouragement during the course of this study. 
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ANTIBODY RESPONSE IN PATIENTS WITH ACUTE LEUKEMIA 


Ricuarp T. Stiver, M.D.,* Jonun P. Utz, M.D., Jonn FAney, M.D., AND 
Emi. Fret, III, M.D. 
BETHESDA, Mb. 


WITH THE TECHNICAL ASSISTANCE OF RoBERT Koup, JuLtuS A. KASSEL, AND 
CLARENCE SZWED 


The clinical course of patients with acute leukemia is characterized by 
frequent and severe infections. During a study of factors of host resistance to 
infection in ten patients with acute leukemia, the antibody responses to 5 antigens 
were measured and compared to those of ten normal control subjects. An at 
tempt was made to determine the relationship between the degree of antibody 
response and the frequency of bacterial infections observed in the individual 
patient. Because of their possible relation to antibody production and infection, 
serum proteins were also studied in both leukemic and normal subjects. 

The response to any one antigen did not differ significantly in the 2 groups, 
and all but one of the patients with acute leukemia responded to at least one 
antigen. A significantly poorer response in the patients with acute leukemia 
could be demonstrated only by comparing the over-all antibody response to all 
antigens. Factors which may have influenced antibody production in the pa 
tients, including antimetabolite therapy and deficient caloric intake, are discussed. 
The degree of antibody rESPONsé could not be related to the initial level or 
subse quent change in serum gamma globulin concentration. There was no cor 
relation between the degree of antibody response and the frequency of bacterial 
infection in the individual patie nt. 


HE natural history of the leukemias is characterized by frequent and severe 

infection.** That this is related to impaired humoral defense mechanisms 
against infection has been suggested.*)> Although there have been a number 
of studies pertaining to the antibody response in the chronie leukemias, such 
studies in patients with acute leukemia have been few and in apparent conflict. 
Larson and Tomlinson® reported that nine of eleven patients with acute leukemia 
had higher than normal antibody responses to pneumococeal polysaccharide, 
whereas Kibrick’ observed a diminished antibody response to polyvalent in- 
fluenza vaccine and to formalin fixed pneumococeal vaccine. Additional studies 
to resolve these reported differences may be of aid in understanding the meeh- 
anisms of host defense against infection, and may be of further interest because 
of current attention to problems of immunity in relation to bone marrow trans- 
plantation in aeute leukemia. Furthermore, other aspects of the nature of 
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the antibody response in patients with aeute leukemia, not previously investi- 
gated, are worthy of consideration. These include the variability in response to 
different test antigens within the same patient, and the question of whether 
or not there is indeed a correlation between the degree of antibody response 
to test antigens and the frequeney of infection in the individual patient. 
The present work was undertaken during a study of faetors of host re- 
sistance to infection in patients with acute leukemia. The antibody responses 


to a number of challenge antigens were measured and compared to those of 





normal subjects after inoculation with identical antigens. Because of their 
possible relation to antibody production, serum proteins were also studied 
during the inoculation period in both leukemie and normal subjects. In this 
article the results of these investigations are reported. 





METHODS AND MATERIALS 


The antibody responses of ten patients with acute leukemia were compared to those of 
ten normal control subjects. Certain factors were employed in choosing both the leukemic 
and the normal subjects. Except for Patients 1 and 2 (Table I), individuals who gave a 
history of inoculation with any of the antigens employed, or of an illness possibly related to 
one of these antigens in a 3 year period preceding the study were not selected. The control 
subjects (Table I) included one patient with petit mal epilepsy who was otherwise healthy 
(Control 11), and nine healthy volunteers (Controls 12 to 20), three of whom were nurses 
Controls 18 to 20). Because of the possible effect of steroid therapy on antibody production, 
those patients who required cortisone or related drugs on admission or during the study 
period of 26 days were excluded. Only two patients initially included in the study were 
subsequently eliminated because of steroid administration. The antibody study was begun 
in the leukemic patients at the onset of chemotherapy for acute leukemia. Drugs used were 
6-mereaptopurine and 4-amino-N1° methyl pteroylglutamie acid (Methotrexate). The bone 
marrow criteria used to classify the activity of the disease were those accepted by the 
Clinical Studies Panel of the Cancer Chemotherapy National Service Center.8 The detailed 
clinical observations and the methods employed to determine the nature of the infections 
encountered in the patients with acute leukemia have been recorded in another publication.1 

The antigens employed were typhoid-paratyphoid vaccine,* influenza vaceinet (type A, 
Conley strain), mumps vaccine, diphtheria toxoid, and tetanus toxoid. Each milliliter of 
the typhoid-paratyphoid vaccine contained 1,000 million killed typhoid bacteria, 250 million 
killed paratyphoi 


A, and 250 million killed paratyphoid B bacteria. The mumps vaccine 
and the influenza vaccine were prepared from the allantoie fluid of embryonated hens’ eggs 


infected with the respective viruses and inactivated with formalin. 





The following immunization procedure was employed. On days 1, 138, and 26, approxi- 
mately 30 ml. of blood was obtained from each patient and from each control subject. The 
blood specimens were centrifuged and the sera were immediately frozen for subsequent anti- 
body determinations and for electrophoretic analyses. The mumps and the typhoid-para- 
| typhoid antigens were administered subcutaneously. The tetanus toxoid, the diphtheria 
toxoid, and the influenza vaccine were given intramuscularly. Separate needles and syringes 
were used for each antigen. Each injection was made at a different site. The immunization 
. schedule was: day 1, mumps vaccine, 1.0 ml., diphtheria toxoid, 0.5 ml., tetanus toxoid, 0.5 
f ml.; day 2, influenza vaccine, 1.0 ml., typhoid-paratyphoid vaccine, 0.5 ml.; day 8, mumps 
vaccine, 1.0 ml.; day 9, typhoid-paratyphoid vaccine, 0.5 ml.; day 16, typhoid-paratyphoid 
vaccine, 0.5 ml.; day 18, diphtheria toxoid, 0.5 ml., tetanus toxoid, 0.5 ml. 


*All the antigens except the influenza vaccine were commercial preparations obtained from 
' Lederle Laboratories. 


+Obtained from Parke, Davis & Company. 
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Che rapid slide test was utilized for measuring typhoid antibodies.9 Hemagglutination 
inhibition was used to test for antibodies against influenza.10 Mumps antibody was measured 
by the complement-fixation technique of Bengtson.11. The diphtheria antitoxin titers!2 and 
the tetanus antitoxin titers!13 were determined according to standard methods. The three 
sera from a patient were tested simultaneously for the presence of a single antibody. 

Analytie paper electrophoresis and total serum protein determinations by the biuret 
technique were performed as deseribed elsewhere.14 sased on data from 44 normal subjects 
in this laboratory, the normal gamma globulin was found to be 1.19 Gm. per cent with a 
standard deviation of 0.27 Gm. per ecent.15 Using 1.19 Gm. per cent as normal, the gamma 
globulin determinations from the patients and the normal control subjeets were expressed 
n terms of the per cent of mean normal. 

After analyzing the degree of antibody responses on day 13 and on day 26 (as shown 
in Table L) with a number of different statistical methods, a fourfold or greater rise was 
considered a ‘‘significant’’ antibody response to antigenic stimulation. Based on this 
definition, a ‘‘+’’ or a ‘*0’’ was marked for each antibody response to each antigen, and 


the total antibody score for patients and control subjects was determined (Table 11 


RESULTS 

Table I records each patient's age, sex, and type of leukemia, the age and 
sex of the control subjects, and the antibody titers obtained on days 1, 13, and 
26. The rank t test’® shows no significant difference in the range of preinocula- 
tion antibody titers (day 1) for each of the 5 antibody groups between patients 
with leukemia as compared to the corresponding antibody group in the control 
subjects. From the standpoint of over-all antibody synthesis (sum of horizontal 
rows, Table II) the group with leukemia responded less well to challenge 
antigens than did the normal control group, for the rank t test shows a t? 
value of 7.35 which is significant at the 1 per cent level. 

The difference in response to each antigen can be compared by examining 
the vertical columns in Table Il. Of the group of patients with leukemia, 
three responded to typhoid vaccine, two to mumps vaecine, and three to influenza 
vaecine. In comparison, seven control subjects responded to typhoid vaccine, 
seven to mumps vaceine, and eight to influenza vaccine. Of the ten patients 
with leukemia seven developed significant rises after administration of diph- 
theria toxoid in contrast to all ten of the control subjects. Six patients and 
seven normal subjects had significant titer rises after they received tetanus 
toxoid. In spite of these suggestive differenees, the ehi square test with Yates’ 
‘orrection factor’? shows no significant statistical difference between the number 
if patients with leukemia who responded to a particular antigen as compared to 
the number of control subjects. 

The responses between the two groups did not differ primarily in magnitude, 
or those patients who responded to a given challenge antigen did so to a 
legree usually equal to and occasionally greater than that of the normal subjects. 
Compare in Table I the diphtheria and tetanus titers of the leukemic and 
ontrol group on day 26.) Moreover, the antibody titers obtained on day 13 
Table I) show that those leukemie patients who responded to the challenge 
ntigens did so as promptly as the normal subjects. 


Antibody Production Depending Upon Type of Leukemia and Age.—The 
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TABLE II. FoOURFOLD OR GREATER RISE ON Day 26 IN PATIENTS WITH LEUKEMIA AND IN 
NORMAL SUBJECTS 


| | | | INDIVIDUAL 
SUBJECT NO. TYPHOID H MUMPS | INFLUENZA DIPHTHERIA TETANUS SCORE 
Patients. 
1 0 0 0 4 + 2 
4 0 0 0 0 0 0 
3 0 0 0 0 + 1 
4 0 + 4 + . 4 
5 0 0 0 + + 2 
6 + + 0 rx » 4 
7 0 0 + + + 3 
8 + 0 0 0 0 1 
9 + 0 + s 0 3 
10 0 0 0 + 0 1 
Totals 3 2 3 7 6 21 
Control Subjects. 
11 os . + + § 
12 - + + + + 5 
13 + + + 5 
14 - 0 + + 0 3 
15 4 0 + + 0 3 
16 + + 0 es 0 3 
17 - + 0 ™ + } 
18 0 0 + + + 3 
19 0 + + + $ 4 
20 0 + + + { 
Totals 7 7 S 10 7 39 


mean antibody scores were found for patients with lymphoeytie and with gran- 
uloeytie leukemia and for patients under and over the age of 15 vears. Patients 
with lvmphocytie leukemia had a slightly higher antibody seore, 2.2, than did 
patients with granuloecytie leukemia, whose mean score was 1.8. Patients over 
the age of 15 years had a seore of 2.2 as compared to 1.8 for patients under 
the age of 15 vears. 

Antibody Production and Serum Proteins —Measurements of the serum 
gamma globulin levels, summarized in Table III, indicate no significant differ- 
ence between the pre- and postinoculation levels of gamma globulin in either 
the leukemie or the normal group. Furthermore, there is no significant cor- 
relation between the degree of antibody response and changes in gamma globulin 
in either group. In addition, there was no correlation between the capacity 
to form antibody and the serum albumin or total serum globulin. Similar lack 
of correlation between albumin and globulin levels and the ability to forn 
antibody has been noted by Baleh'® and Larson and Tomlinson.*® 

Nutritional Factors and Antibody Production—In view of the differen 
opinions expressed,'**° regarding the significance of nutritional deficienc 
resulting from starvation or from debilitating disease on antibody production 
the calorie and protein intake of six patients and of six normal subjects wa 
examined. These are listed in Table III. During the antibody study the dail 
caloric intake of six of ten patients with acute leukemia ranged from appro» 
imately 1,000 to 2,000 calories per day, with an average intake of 1,400 ealorie 

















aid - ANTIBODY RESPONSE IN PATIENTS WITH ACUTE LEUKEMIA 639 
The daily protein intake ranged from 30 to 70 Gm. with an average of 51 Gm. 
The mean antibody seore (six patients) was 1.8. For the six normal subjects, 
the daily calorie intake ranged from approximately 1,300 to 3,800 calories with 
an average intake of 2,700 calories. The protein intake ranged from 40 to 
134 Gm. with an average intake of 93 Gm. The mean antibody score (six 
eontrol subjects) was 3.8. 

It is interesting that within each of the two groups there was no clear 
relationship between nutritional intake and antibody production. 

Antibody Response and Relationship to Infection.—In an effort to evaluate 
the significance of the antibody response as it related to infection, the antibody 
score for each patient was compared with the number of infections that each 
patient had while under observation in the Clinical Center with active acute 
leukemia. There were seventeen bacterial infections which oceurred in eight of 
the ten patients. Two patients had no bacterial complications during the time 
they were observed. The major clinical diagnoses were: septicemia without a 
demonstrable primary source of infection (6 cases), pyelonephritis (5 eases), 
pharyngitis (3 eases), cellulitis (2 cases), and pneumonia (1 ease). The causa- 
tive organisms were Escherichia coli (6 instanees), Micrococcus pyogenes var. 
aureus, coagulase positive (5 instances), Pseudomonas aeruginosa (2 instances), 
Micrococcus pyogenes var. albus, coagulase negative (2 instances), Group A 
beta hemolytic streptococci (1 instance), and Alebsiella sp. (1 instance). 
Since the number of proved bacterial infections and the number of days in the 
hospital varied for each patient, the number of proved infections per 100 


TABLE IIT. ANTIBODY ScorE, GAMMA GLOBULIN CHANGES, AND NUTRITIONAL FACTORS IN 
PATIENTS WITH ACUTE LEUKEMIA AND IN NORMAL CONTROL SUBJECTS 


AVERAGE DAILY INTAKE IN 6 PA- 


GAMMA GLOBULIN LEVELS TIENTS AND 6 NORMAL SUBJECTS 
PATIENT OR ANTIBODY Yo OF MEAN NORMAL) * | PROTEINS 
CONTROL NO. SCORE DAY 1 DAY 26 CALORIES (GM.) 

1 2 149 129 1,284 50 
2 0 85 70 1,352 49 
3 1 148 97 1,001 30 
} } 110 9] — --- 
5 3 67 46 1,986 71 
6 4 108 108 — — 
7 3 177 187 1,638 62 
S ] 104 108 — wes 
9 3 103 167 1,170 41 
10 1 106 108 7 a 
1407 average 51 

1] 5 4 57 - — 
12 5 57 70 1,986 64 
le 5 80 86 2,991 102 
14 3 97 93 2,82 95 
15 3 111 87 3,794 134 
16 3 118 113 1,347 40 
17 4 126 154 3,012 123 
18 3 108 108 a a 
19 4 94 92 — — 
20 4 129 161 snl 


2,709 average 93 


*Mean “normal” gamma globulin = 1.19 Gm. per cent + 0.27 Gm. per cent, 
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TABLE IV. ANTIBODY SCORE AND PROVED BACTERIAL INFECTIONS IN 10 PATIENTS 
WITH AcUTE LEUKEMIA 


NO. DAYS OB- | NO. OF INFEC- 
SERVED WITH '!NO. OF PROVED TIONS PER 100) NO. OF DAYS % OF DAYS 
PATIENT ACTIVE BACTERIAL HOSPITAL WITH WITH ANTIBODY 
NO. DISEASE INFECTIONS DAYS INFECTION INFECTION SCORE 
9 92 5 5.4 «52 56.5 3 
5 16 3 6.5 10 91.7 9 
4 38 3 2.2 25 18.1 t 
1 120 l 0.S 11 9.2 2 
8 190 2 1.1 15 7.9 l 
6 54 1 1.9 } 7.4 } 
7 100 2 2.0 a 5.0 3 
2 58 0 0.0 0 0.0 ‘) 
3 78 0 0.0 0 0.0 1 
10 44 0 0.0 0 0.0 ] 


*\rranged in descending order of percentage of days with infection 


hospital days is used as an expression of rate. Analysis of the data in Table IV 

indicates there is no correlation between the antibody score and the number of 

infections per 100 hospital days or the per cent of days with infection. 
DISCUSSION 

This study indieates that, after the administration of the antigens employed, 
the antibody response of a group of patients with acute leukemia was sig- 
nificantly less than that of a group of normal subjects. Nevertheless, it is to 
be noted that the patients with leukemia were capable of achieving some degree 
of antibody response. Thus, all patients except one had a fourfold antibody 
rise after the administration of at leas! one of the antigens. Exeept for tetanus 
toxoid, there was no significant statistical difference in frequeney of response to 
the four other antigens between the two groups. That a statistieal difference 
did exist in the over-all antibody response, but not in the frequency of response 
to each antigen, may reflect the fact that the forme: represents the response 
accumulated from each of the 5 antigens. Thus, a statistical difference may be 
expected to appear in the total score, before one is observed in the score for each 
antigen. 

The use of 5 antigens in this study was predieated on the assumption that 
there may be a significant difference in the degree of response to different 
antigens within the same individual. Use of a single antigen which may give 
rise to a small amount of antibody, or conversely, a potent antigen which yields 
a large amount of antibody, may lead to erroneous conclusions regarding the 
over-all antibody potential of the patient. The concept that, in disease as well 
as in health, variations may be found in response to different types of antigenic 
stimulation, may resolve some of the seemingly conflicting reports in the earlie1 
literature in which only one antigen, without adequate controls, was employed 
in the test system. 

It is to be emphasized that a number of diverse factors could have affecte: 
the antibody score reported for these patients because of the difficulties in at 
tempting to control a study such as this. All the patients with acute leukemi: 
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received folie acid and purine antagonists during the period of testing for anti- 
body response. Although this was not desirable from a ‘‘study standpoint,’’ it 
was nevertheless unavoidable because effective therapy cannot be withheld from 
patients with aeute leukemia for as long as 30 days. Ludovici and Axelrod?! 
have shown that rats maintained on a diet deficient in folie acid have impaired 
hemagglutinin production in response to inoculation with human red blood cells. 
When 6-mereaptopurine is given simultaneously with bovine albumin to rabbits, 
antibody responses are profoundly suppressed.*?. The fact that the patients with 
acute leukemia responded as they did despite antimetabolite therapy suggests, 
at least, that their immunologie apparatus is not severely impaired. As could 
be anticipated, the calorie and protein intake were significantly lower in the 
acute leukemia group as compared to the control group. In the leukemie group, 
ealorie intake appeared to be related to the general condition of the patient and 
within this group there was no correlation between dietary intake and antibody 
production. Four of the ten patients with leukemia were 8 years of age or 
younger, whereas all of the control subjects were 11 years of age or older. 
Except to reduce the total amount of data, however, the exelusion of the four 
patients in the lower age group would not significantly affect the results or 
interpretation of antibody response in the remaining patients. By design, 
patients who required steroids on admission to the Clinical Center or during 
the antibody study period were not ineluded in this evaluation. Antibody pro- 
duction in these patients could have been different from that in those who were 
not treated with steroids and who therefore were less acutely ill. Finally, al- 
though the rank t test suggested that the prior antigenic experiences for the 
leukemie and normal groups were similar, that this was actually the case cannot 
be categorically stated. Even though the contribution of each of the factors 
mentioned cannot be stated with certainty, it is clear that mechanisms other 
than deficient antibody production are responsible for the frequency of infee- 
tions observed in acute leukemia for no correlation existed between antibody 
production and frequeney of infection in the patients with leukemia. 
Significance of Antibody Response in Relation to Infection in Patients With 
Acute Leukemia.—In view of the not infrequent attempts to attribute infections 
in patients with leukemia* ° and lymphoma** ** to impaired antibody responses, 
it is important to state some of the theoretical objections to these earlier reports, 
and, indeed, to our own. Most of the antigen-antibody systems used in these 
clinieal studies were selected because of technical considerations pertaining to 
the availability and administration of the antigens, and facility for measuring 
the resulting antibodies. It eannot be inferred that the antibodies measured 
in this or in other studies are in themselves, the products of the essential factors 
in the mechanism of immunity or in the prevention of infection. Moreover, there 
is no neeessary connection between the serum level of antibody and the degree 
of tissue responsiveness upon which active immunity largely depends.*® On the 
other hand, the absence of circulating antibodies or the inability to find a close 
association between a high antibody titer and degree of resistance is inadequate 
evidence that specifie antibodies have not been formed, since antibody may 
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become readily fixed to tissue cells. Yet the number and the invasive character- 
istics of an infecting agent at a susceptible site may be such as to overcome 
even a high degree of specific tissue immunity. Therefore, there is no unequivoeal 
statement that can be made regarding the significance of an observed response 
to a given challenge antigen. There is no decisive answer to the question of 
whether or not specifie antibodies are always concerned in bacterial immunity, 
or if there are some other more important defense mechanisms of the tissues 
which function independently of them. At best, measurements of antibodies in 
response to challenge antigens which may not be important in clinical situations 
ean be regarded only as an index of immunity. The clinical observations made 
during this study lend eredence to these thoughts, for there was no correlation 
between the frequeney of clinical infection and the degree of antibody response 
to the antigens employed. 


SUMMARY 


1. The antibody responses to 5 antigens were measured in ten patients with 
acute leukemia and these responses were compared to those of ten normal econ- 
trol subjects. 

2. The response to any one antigen did not differ significantly in the two 
groups and all but one of the patients with acute leukemia responded to at 
least one antigen. 

3. A significantly poorer response in the patients with acute leukemia could 
be demonstrated only by comparing the over-all antibody rises to all antigens. 

4. It is possible that antimetabolite administration and deficient calorie 
intake were responsible for the difference which existed between the leukemic 
and control groups. Within the leukemie group, however, there was no correla- 
tion between dietary intake and antibody production. 

5. The degree of antibody response could not be related to the initial level 
or subsequent change in serum gamma globulin concentration. 

6. There was no correlation between the degree of antibody response and 
the frequeney of bacterial infection within the individual patient. 


We wish to acknowledge the advice of Dr. Irwin Bross in the statistical evaluation of 
the data, and the critical comments of Drs. Milton Zisowitz, John Y. Sugg, and David Rogers. 
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EFFECT OF PLASMIN IN VITRO ON CLOTTING FACTORS IN PLASMA 
VIRGINIA Hl. DoNALDsSON, M.D. 
(CLEVELAND, OHIO 


Plasmin is a proteolyti cnrume of plasma capable of digesting fibrin and 
certain other proteins in vitro at or near neutrality. Conclusions regarding its 
effect on clotting factors considercd to funetion prior to the conversion of 


fibrinogen to fibrin have been conflic find. The results of this study demonstrate 


that proacce lerin, antihe mophilie factor, and Christmas facto act fies 
markedly decre ased atte) incubating normal plasma with plasm iy Tlaae man 
factor, plasma thromboplastin antceedent, Stuart factor, and precursor of scrum 
prothrombin conversion accelerator activitics were unaltered in such an ineubatio 
mirtire, 

Incubation of streptokinase with normal plasma, on the other hand, resulted 
primar ly in a loss of proaccelerin activity, This observation is consistent th 


the concept that full activation of plasmin by sti ptol nase docs not occu 


’ - ; : , ) 
unclotted plasma, Occasionally, small losses of antihemophilic factor and Christ 
mas factor act fics were found. No losses of Hageman factor o procon f 

) ’ } 
comple acti tics were observed. Streptokinase could be shown to nactivate 


DP othrombin only aftera prolonged bie ubation period, 


lik fibrinolytic aetivity of plasmin, a proteolytic enzyme of plasma, has 

suggested its use in thromboembolie states. Necessarily, considerable at 
tention has been paid to other biologie effects of this enzyme. The possibility 
that plasmin may digest clotting factors other than fibrinogen and fibrin has 
heen investigated repeatedly, but with conflicting results. The present stud) 
was designed to test the effeet of plasmin in vitro upon those clotting factors 
thought to function prior to the conversion of fibrinogen to fibrin. The results 
of these studies suggest that plasma, treated with plasmin, may be deficient in 
antihemophilic factor, proaccelerin, Christmas factor, and prothrombin. No 
measurable change was observed in the other factors tested. 


NOMENCLATURE AND MATERIALS 


The term plasmin refers to one or more proteolytic enzymes of plasma capable of 
digesting fibrinogen, fibrin, and certain other proteins in vitro at, or near, neutrality. This 
enzyme has also been called fibrinolysin. It is present in plasma in the form of an inactiv: 
precursor, plasminoge n, 
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Plasminogen was extracted from a lyophilized preparation of Cohn Fraction TIL of 


human plasma by WKline’s!) method. This preparation contained about 100 Christensen2 


nits per milliliter after activation with streptokinase. Prior to its use, three parts of 


plasminogen was incubated with one part of streptokinase for 10 minutes at room temperature 
to achieve activation. The concentrations of streptokinase used ranged from 625 to 7,500 
units per milliliter in the reaction mixtures. This preparation will be referred to as strepto 
kinase activated plasmin. 


Commercial human p/lasmin,t which has been activated with streptokinase during its 


preparation was dissolved in buffer to provide concentrations ranging from 5,000 to 12,000 


Christensen units per milliliter. This will be referred to as commercial plasmin. 


Streptokinase is a filterable principle found in cultures of hemolytic streptococe! which 


s capable of activating human plasminogen to plasmin. Streptokinase (high purity)} was 
lissolved in buffer in concentrations ranging from 2,500 to 30,000 units per milliliter. 


Normal human plasma Was prepared from blood drawn with syringes coated with 
silicone (G-E Dri-Film) and needles coated with tris-(2 hydroxyethyl) dodecyl ammonium 
chloride.§ The blood was mixed with one ninth its volume of 0.13M trisodium citrate solu 
on and centrifuged at 2,000 r.p.m. for 15 minutes at room temperature. The supernatant 


at -25° C. for as long as 3 months before use. Plasmas were 
pared from the blood of patients with classic hemophilia 


plasma was stored also pre 


lacking antihemophilic factor), 


hristmas disease (lacking Christmas factor or plasma thromboplastin component), Hageman 
trait (lacking Hageman factor), plasma thromboplastin antecedent deficiency, | parahemophilia 
lacking proacecelerin or factor V), deficiency of precursor of serum prothrombin conversion 


celerator, and Stuart factor deficiency.‘ 


Ashestos absorbed bovine plasma for use in the assay for proconvertin® was prepared 
om bovine blood which had been mixed with one ninth its volume of 0.1M potassium oxalate. 


The plasma was filtered through 20 per eent asbestos filter pads in a Seitz filter and stored 


at o> ( 


Charcoal adsorbed bovine plasma’ was prepared by filtering oxalated bovine plasma 


ough powdered hardwood charcoalt+ three ti 


tl 


Rabbit brain thromboplastin (Difco) was suspended in a 0.15M_ solution of sodium 
loride in a concentration of 37.5 mg. per milliliter. A crude *‘cephalin’’ 


preparation, which 
ontained material insoluble in acetone but soluble 


in chloroform, was prepared from rabbit 
bram by the method of Bell and Alton? and was stored at 25 C. 


= 


This extract was diluted 


ith 14 parts of buffer before use. Russell's viper venom} } was prepared in a 1:100,000 


lution in buffer. Equal amounts of these dilutions of crude cephalin and Russell’s viper 
enom were mixed prior to use in the assay for Stuart factor. 


Barium sulfate adsorbed ovxalated beef plasma§§ was mixed with an equal volume of 


unan Oxalated serum prepared according to Alexander’s methods to give a suitable reagent 


r use in the assay for true prothrombin content 


Lot No. 1420, obtained from Dr. T. D. Gerlough, E. R. Squibb & Sons, New Brunswick, 
+Lot No. 1108-86-M, obtained from Merck Sharp & Dohme, West Point, Pa 


Obtained from Dr. J. Ruegsegger, Medical Research Section, Lederle Laboratories, Pearl 
ver, N. ¥ 


§$Monocote, The Armour Laboratories, Chicago, III. 
This patient was studied through the courtesy of Drs, I. S. Wright and Margaret Todd, 
New York City, and had been studied by Dr. Robert Rosenthal in New York, who believes 


it the laboratory fiindings are consistent with mild plasma thromboplastin antecedent 


de- 
ency.? 


Il am indebted to Dr. William Krivit, Department of Pediatrics, University of 
hool of Medicine, for the gift of this plasma. 

**John C. Carlson, Ltd., Ashton U. Lyne, Lancashire, England. 

++Springfield Facing Company, Willimansett, Mass 

tStypven, Burroughs Wellcome & Co., Inc., Tuckahoe, N. Y. 

$$Prothrombin-free beef plasma, Hyland Laboratories, Los Angeles, Calif. 


Minnesota 
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The buffer used in this study consisted of 7.30 Gm. of sodium chloride, 2.76 Gm. ot 
barbital, and 2.06 Gm. of sodium barbital diluted to a volume of 1 L. with distilled water. 


The pH of the mixture was 7.4. 


METHODS 


The effect of streptokinase activated plasmin, commercial plasmin, or of streptokinase 


alone upon clotting factors was tested in the following manner. The preparation to be 


tested was incubated with human plasma. This plasma was usually obtained from normal 
individuals. However, in experiments to determine the effect of streptokinase activated 
plasmin upon plasma thromboplastin antecedent, plasma from a patient deficient in Hageman 
factor was used. After the preparation to be tested had been incubated with plasma for an 


appropriate interval, the concentrations of clotting factors in the mixture were measured. 


lL. Incubation of Enzyme With Plasma. A mixture of 1.0 ml of a solution of 
streptokinase activated plasmin, commercial plasmin or streptokinase and 1.5 mil. 
normal plasma was incubated at 37° C. for 30 or 60 minutes in Pyrex tubes with an internal 


diameter of 11 mm. The tubes were then transferred to a 4° C. bath and their contents 


immediately diluted twenty to three hundred twenty fold with cold buffer, These dilution 
were kept at 4° C. until the concentrations of clotting factors in the mixtures were measured. 

As a control, 1.0 ml. of the solution of plasmin or streptokinase was incubated a 
37° C. for the same period. At the end of this time, this solution was transferred to a 4 


C. bath and mixed with 1.5 ml. of plasma which had been simultaneously incubated at 37° ( 
This mixture was then diluted with cold buffer in the manner described, This control tested 
the influence of plasmin or of streptokinase on the assays for clotting factors. 

An additional control mixture which contained no enzyme consisted of 1.5 ml. o 
plasma diluted with 1.0 ml. of buffer and was ineubated at 37° C. for 30 or 60 minutes 
At the end of the incubation period, this mixture was chilled to 4° C. and appropriately 
diluted with cold buffer. This buffer control tested the influence of incubation on the 
clotting factors measured. 

The residual clotting factor activity is expressed as the percentage of that remaining 
in the control tube which contained enzyme, if notable discrepancies existed between the two 
control tubes. 

oe Clotting Facto) Assay Techniques. a. The eoncentration of antihemophilic factor 
in the diluted mixtures was measured by testing their abiity to shorten the reealcitied clot 
ting time, measured at 25° C., of hemophilic plasma by previously deseribed methods.’ Con 
parison of the corrective effects of treated and untreated plasma allowed an estimation of 
the degree to which antihemophilic factor was inactivated by treatment with plasmin or 
streptokinase. Similarly, the concentrations of Christias factor, plasma thromboplastin 
antecedent, and Hageman factor were determined by m uring the effeet of the mixtures o 
the recalcified clotting time of plasma deficient in the respective factor, 

b. The proaccelerin (factor V) and precursor of serum prothrombin conversion accelerator 
content of the various mixtures was determined by testing their ability to correct the one stag: 


prothrombin time,!° measured at 37° C., of plasma known to be deficient in the factor to he 


» 


measured.11 In several instances, normal oxalated plasma which had been stored at -295 
C. for 3 months or more was substituted for genetically deficient plasma in measuring pro- 
accelerin. 

e. Stuart factor was measured by the method of Sise and associates.12.. The mixture 
to be tested was added to charcoal filtered bovine oxalated plasma, and the recaleified clotting 
time was then measured in the presence of Russell’s viper venom and crude cephalin at 37 
( 


’. Prior to their use in the assay, the reagents were tested against the plasma of a patient 


believed to be deficient in Stuart factor. This method is though to be insensitive to variations 
in amounts of prothrombin, proaccelerin, and precursor of serum prothrombin conversio! 
accelerator. 

d. The quality of the proconvertin complex (precursor of serum prothrombin conversio! 


accelerator and Stuart factor) which remained in the mixtures at the end of incubation was 
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determined at 37° C. according to the method of Owren and Aas.13 This method is thought to 
he sensitive to changes both in precursor of serum prothrombin conversion accelerator and 
Stuart factor which are not distinguished, but is insensitive to changes in prothrombin and 


proaccelerin. 


e. The concentration of prothrombin was measured by Alexander’s modification of the 


method of Owren.s This technique measures prothrombin in the presence of adequate amounts 
ol proaccelerin and the proconvertin eon pen, 


All assays were done in duplicate in Pyrex tubes with an internal diameter of 8S mm. 
‘he results to be deseribed are based on three or more experiments with each type of enzy 
matic activity with the exception of observations on plasma thromboplastin antecedent and 
proconvertin. On these two factors, only the effect of streptokinase treated Kline plasminogen 
was tested, Plasmin and streptokinase were not grossly inactivated during the period of 
neubation, This was shown by the observation that the clots which formed during the sul 
sequent assays for clotting factors Ivsed quickly in the presence of plasmin or streptokinase. 
In contrast, clots formed in the absence of these enzymes did not lyse during the period of 


servation 


RESULTS 
A. Effect of the Addition of Streptokinase Activated Plasmin to Plasma. 
When normal human plasma was incubated at 37° C. for 60 minutes with 
streptokinase activated plasmin derived from a Kline plasminogen preparation, 
7) to 100 per cent of activity attributable to antihemophilic factor and pro- 
accelerin disappeared (Fig. 1). The decrease in Christmas factor was almost as 
great. On the other hand, the concentration of prothrombin was either un- 
changed or, in one of three experiments, diminished only 20 to 25 per cent. 
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Fig. 1. Iffect of streptokinase activated plasmin on clotting factors in plasma (1 hour 
ncubation period ) 1, Hageman fact B. Plasma thromboplastin antecedent C, Anti- 
emophilic factor DD. Christmas factor I Prothrombin FEF. Proaccelerin G, Stuart factor 


H, Precursor of serum prothrombin conversion accelerator I, Proconvertin complex 


No loss of Hageman factor, plasma thromboplastin antecedent, Stuart factor, 
precursor of serum prothrombin conversion accelerator, or the proconvertin 
‘complex was detected. In these experiments, the plasminogen content of the 
etivation mixture was 75 Christensen units per milliliter. The concentration of 
streptokinase in the activation mixture varied from 625 to 7,500 units per milli- 
iter in different experiments. These differences in streptokinase concentration 
‘ould not be correlated with loss of clotting factor activity. An example of some 
f the data obtained in one such experiment is summarized in Table I. 
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TABLE I. EFFECT OF STREPTOKINASE ACTIVATED PLASMIN ON SOME CLOTTING FACTORS IN 
NORMAL PLASMA 


CLOTTING TIMES 
CONTROL MIXTURI 


DILUTIONS OF TEST MIXTURI PLASMIN AND 
INCUBATION PLASMIN INCUBATED PLASMA INCUBATED 
FACTOR MEASURED MIXTURES WITH PLASMA SEPARATELY 
Antihemophilie factor 1:20 13 min. 10 min. 
1:80 16 min. 13 min. 
1:0 (buffer) 16 min. 
Christmas facto 1:20 11 min. 9 min. 
1:80 13 min. 12 min. 
1:00 buffer 14 min. 
Hageman factor 1:40 12 min. 13 min. 
1:160 19 min. 18 min. 
1:0 (buffer ?1 min. 
Proaccelerin 1:20 58.6 see. 15.5 see. 
1:40 64.5 sec. 54.5 sec, 
1:00 6( buffer 72.0 see. 


In this typical experiment, 0.25 ml. of streptokinase (10,000 U. per milliliter) and 0.75 
ml. of Kline plasminogen (100 Christensen units per milliliter) were incubated together at 
room temperature for 10 minutes to form streptokinase activated plasmin. Then, 1.5 ml. of 
normal plasma was added, and this test mixture was incubated for 1 hour at 37° C In the 
ontrol mixture, the streptokinase activated plasmin and plasma were incubated separately for 
1 hour at 37° C. and then mixed. 


The concentration of each clotting factor was determined by the methods described 


Briefly, the mixtures were diluted serially with buffer prior to assay They were then tested 
fe ability to correct the defect of plasma lacking the factor to be measured. The activity 
remaining in the test mixture after incubation may be expressed as a percentage of that con- 


tained in the original plasma by comparing the clotting times of similar dilutions of the 
test mixture and the control 


B. Effect of the Addition of Commercial Plasmin to Plasma.—When plasma 
was incubated at 37° C. for 30 minutes with commercial human plasmin, 
activity attributable to antihemophilie factor again decreased 75 to 100° per 
cent, proaccelerin-like activity, 60 to 100 per cent, and Christmas factor activity, 
50 to 75 per cent (Fig. 2). Under these cireumstances, no change was observed 
in the activity attributable to prothrombin, Hageman factor, Stuart factor, or 
the proconvertin complex. The same results were obtained when the concentra- 
tion of plasmin in the final incubation mixture was varied from 2,000 to 5,000 
(‘hristensen units per milliliter. 

(. Effect of the Addition of Streptokinase to Plasma.—When human plasma 
was incubated at 37° C. for 60 minutes with streptokinase, the only consistent 
change observed was a decrease of 50 to 80 per cent in the proaccelerin-like 
activity (Fig. 3). In addition, in one of five experiments the concentration ot 
(Christmas factor and of antihemophilic factor decreased 50 and 25 per cent, re- 
spectively. No loss of prothrombin, Hageman factor, or the proconvertin com- 
plex was found. Within the range of streptokinase concentrations used (1,000 
to 12,500 units per milliliter in final incubation mixtures), there was no correla- 
tion between its concentration and degree of proaccelerin inactivation, nor was 
a large amount used in the experiment in which some inactivation of Christmas 
and antihemophilie faetors occurred. 

When mixtures of plasma and streptokinase were incubated for 4 hours in- 
stead of 60 minutes, the coneentrations of antihemophilic factor, Christmas 
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factor, and prothrombin all deceased about 50 per cent, and the loss in pro- 
aceelerin activity increased to 95 per cent. Even this prolonged period of in- 
cubation produced no loss in activity attributable to the proconvertin complex. 
The effect of this period of incubation on Hageman factor, plasma thrombo- 
plastin antecedent, proconvertin, and Stuart factor was not measured. 
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DISCUSSION 


Of the clotting factors studied, those which are relatively more thermolabile 
appear to be most susceptible to inactivation by human plasmin. The loss of 
antihemophilic factor activity observed in this study is in agreement with the 
‘indings of Alagille and Soulier’! and Niewiarowski and Latallo?! in their in 
vitro studies. 

Lewis and co-workers! demonstrated the marked instability of a partially 
urified preparation of proaccelerin when ineubated with plasmin. Alagille and 
soulier’* were similarly impressed with the striking effect of plasmin on pro- 
iccelerin activity in whole blood, and concluded that of all the clotting factors, 
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this one was most readily destroyed by plasmin. Marked diminution of pro- 
accelerin activity was also observed in the present study. Proaccelerin was the 
only factor consistently affected when plasma was incubated with streptokinase 
for one hour. This observation is consonant with Alagille and Soulier’s con- 
clusion. Only prolonged incubation of such a mixture resulted in significant 
losses of Christmas faetor and of antihemophilie factor. 

In contrast to the effect of streptokinase alone, streptokinase treated Kline 
plasminogen or commercial plasmin almost completely inactivated proaccelerin, 
antihemophilic factor, and Christmas factor within one hour. This difference 
in behavior was not related to the streptokinase content of the two plasmin 
preparations. The concentration of the streptokinase in the final ineubation 
mixture which contained streptokinase treated Kline plasminogen was 25 per 
cent less than in the streptokinase-plasma incubation mixture. Moreover, the 
amount of Kline plasminogen ineubated with 1.5 ml. of plasma was about 75 
Christensen units, less than one third the amount in 1.0 ml. of normal 
human serum.* It seems likely, therefore, that the differences observed between 
the effects of streptokinase and of plasmin were not due to differences in the con- 
centration of either in the incubation mixture. This is in agreement with earlier 
observations that the addition of streptokinase to unelotted plasma does not 
fully activate its plasminogen.'*!" 

The pronounced effect of plasmin on prothrombin observed by Seegers and 
Loomis?’ and Alagille and Soulier't was not found in these experiments. Lewis 
and collaborators’’ have indieated that partially purified prothrombin was re 
Sistant to inactivation by plasmin in vitro. The results of the present experi 
ments suggest that prothrombin is inactivated by plasmin at a slower rate than 
is Christmas factor, antihemophilic faetor, or proaeccelerin. 

The loss of Christmas factor activity in whole blood after incubation in vitro 
with bovine fibrinolysin was deseribed by Alagille and Soulier."* 

The lack of effeet of plasmin on Hageman factor, plasma thromboplastin 
antecedent, Stuart factor, and precursor of serum prothrombin conversion ae- 
celerator has been a consistent and reproducible finding under the conditions of 
this study. In contrast, Alagille and Soulier'' found proconvertin to be some- 
what susceptible to proteolysis in vitro. 

Under the conditions of these experiments, at least three clotting factors 
besides fibrinogen in plasma may be readily inactivated by relatively small 
amounts of plasmin. The use of the activator, streptokinase, on the other hand, 
produced a less marked, or slower rate of destruction of these susceptible clotting 
factors. This difference may be of clinical importance. 


SUMMARY AND CONCLUSIONS 


1. The effects of human plasmin derived from a plasminogen preparation 
as deseribed by Kline, of commercial human plasmin, and of streptokinase upon 
the clotting factors in normal plasma were studied in vitro. 

2. Proaccelerin, antihemophilic factor, and Christmas factor activities ap- 
peared to be most readily lost from plasma upon ineubation with plasmin. Only 
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proaccelerin was readily inactivated upon incubation of plasma with strepto- 
kinase. Prothrombin activity was lost in appreciable amounts only after prolonged 
incubation of plasma with streptokinase, which suggests that it is less readily 
destroyed by plasmin than are the other three factors. 


3. Hageman factor, plasma thromboplastin antecedent, Stuart factor, and 


precursor of serum prothrombin conversion accelerator (the proconvertin com- 
plex) were unaffected in these experiments. 


It is a pleasure to acknowledge the invaluable advice and criticisms of Dr. O. D. 


Ratnoff during these experiments and in the preparation of this manuscript, and the helpful 
criticisms of Dr. Irvine H. Page in preparing the manuscript. 
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LABORATORY METHODS 


EXAMINATION OF AN INFRARED METHOD FOR DETERMINATION 
OF RATIO OF COPROPORPHYRIN ISOMERS [I AND III 
H. L. Dinsmore, Pu.D., ANp C. J. Watson, M.D., Pu.D. 
MINNEAPOLIS, MINN. 


Investigation of an infrared spectrophotometric method for distinguishing 
coproporphyrin I and III tetramethylesters reveals charactcristie differences in 
wavelengths of between 8 and 9 yp. However with samples deposited from 
solution nonpermanence of spectral featwres limits the precision of analyzing 
mixtures to about 10 to 15 per cent. Evidence is presented which indicates that 
this variability arises from gradual change in coproporphyrin III from an 


initially amorphous solid to a more stable crystalline state. 
kL I t 


ETERMINATION of the type I/III isomer composition of coproporphyrins 

has been important in investigations of the Waldenstrém porphyrin and 
in charaeterization of exereted porphyrins.’ Analytieally the ecoproporphyrin 
isomers are characterized by differences in melting point, in solubility, and in 
their x-ray and infrared spectra. Chromatographic* * and fluorescence quench- 
ing’ methods have been developed. Infrared differentiation, despite lower 
sensitivity, has gained limited use with purified samples.' 

or the present work pure crystalline ecoproporphyrin methyl esters I and 
[If were available, and accurate blending of stock solutions provided eali- 
bration mixtures. Nevertheless it was impossible to achieve anything ap- 
proaching the speetroscopie precision to be expected of a simple binary de- 
termination. This failure led to the studies reported in this paper. 


METHODS AND APPARATUS 

Infrared instrumentation comprised a Perkin-Elmer 12-C with model 85 reflecting 
microscope, modified for linear wavelength recording at level energy input.s Samples in 
chloroform were concentrated until a few microliters deposited a dense spot upon transfer 
to a silver chloride slide. An alternative preparation employed potassium bromide micro- 
pellets.9 

Crystalline samples of the four coproporphyrin isomers were available. Samples of 
synthetic isomers II, III, and IV were kindly provided by Dr. 8S. F. MacDonald.* 
Dr. MacDonald’s synthetic III was identical with our analytic material from the residue of 


From the Department of Medicine, University of Minnesota, Minneapolis, Minn. 
Aided under a contract with the Office of the Surgeon General, U.S. Army. 
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DETERMINATION OF COPROPORPHYRIN ISOMERS IT AND II] 


diphtheria bacillus eultures, after harvest of the toxin.* JIsomer 1 was of natural origin, 


isolated from feces of patients with erythropoietic porphyria, 


RESULTS 


The infrared spectra of crystals of the four coproporphyrin isomers pressed 
into potassium bromide are shown in Fig. 1. These spectra of isomers I and 
[11 are identieal with those published previously by Falk and Willis.’ The 
ereatest differences occur at 7.5 to 9.0 » and at 14 to 15 ». These differences 
are not large, and in fact their possible origin in impurities was suggested by 
earlier investigators.'' However, by ignoring isomers Il and IV, a I/III 
binary determination appears possible on the basis of inverse intensity of ab- 
sorption of these isomers at 8.00 and 8.3 
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Fig. 1.—Infrared spectra of coproporphyrin isomers (methyl esters) crystals in potassium 
bromide pellets. 


Because of limited material a practical infrared method for porphyrins will 
generally involve samples deposited as spots from solution, rather than erystal- 
line material. Examination of the partial spectra A and B in Fig. 2 reveals 
that the coproporphyrin IIT speetrum of a spot from chloroform differs eon- 
siderably from that of dry erystals, both in the analytie region near 8 » and 
more markedly near 14 ». The 12 » band also loses its doublet appearance. 


——. 


*Isolated by Dr. S. Schwartz and M. Keprios from material provided through the 
courtesy of Lederle Division of American Cyanamid Co. 
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Wavelength 


Microns 1° 1,8 8,0 8,2 4-4 4-6 » as . ¥ ' 7 t 


: 
<a 


geo 8 PS Bee RSE, gas ee 
Fig. 2.—Amorphous effects in coproporphyrin III spectrum. A, Crystals. B, Spot from 
chlorceform. C, Resolidified melted crystals. D, Spot from chloroform after one hour. JF, Spot 


from chloroform after 20 hours F, Spot from chloroform after 100° C. for 5 minutes 
G, Coproporphyrin I crystals. 


Spectrum B similarly results if the chloroform solution is prepared in a pressed 
potassium bromide pellet, and also if the solvent is acetone. By contrast, all 
deposits of isomer I from solution give the same spectrum as dry erystals. 
The glassy appearance of isomer III spots from solution, which is in 
contrast to the grainy deposits of isomer I, suggests that the isomer III deposits 
are considerably less crystalline, and that curve B is that of amorphous copro- 
porphyrin III. This conclusion is supported by the similarity of spectrum B 
with spectrum C of melted erystals just after resolidification. 
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DETERMINATION OF COPROPORPHYRIN ISOMERS I AND III 655 
In Fig. 3 speetra are shown for a range of 1/III isomer mixtures, run as 


spots from chloroform after about 20 minutes’ standing. The relative 8.00 to 


8.37 » band strengths afford a clear indication of the varying isomer com- 
position, which is quantitatively expressed by the function, 
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Fig. 3.—Spectra of coproporphyrin I/III mixtures, spots from chloroform after 20 to 30 
inutes. A, Pure III. B, Seventy-five per cent III. C, Fifty per cent III. D, Twenty-five 
r cent Ill E, Pure I. 








656 DINSMORE ANI) WATSON J. Lab. & Clin. Med 


October, 1960 

















| 
O 20 50 75 100 
7, isomer I] 


Fig. 4 Calibration data for coproporphyrin I/IIT mixtures Samples from solution pressed 
into potassium bromide pellets. 


Ag  ~ A, oo 


Age — As.o0 


Here the A’s are absorbances at the indicated wavelengths, and the function 
expresses the difference in absorption at the two analytie wavelengths relative 
to the 8.56 » band which is common to both samples and is simply propor- 
tional to total sample. Such a ratio is necessary because there is no experi 
mental control over sample thickness. Typieal calibration data for two sets 
of known mixtures are shown in Fig. 4. The seatter in results is typieal. The 
possibility that the spectral changes near 8 » are not wholly compositional in 
origin but are also mixed with amorphous effeets will be discussed in the fol- 
lowing section. Entirely comparable data are obtained when samples are run 
as potassium bromide pellets. 


DISCUSSION 


One aspect of the amorphous character of coproporphyrin IIT spots which 
has serious analytie implications is the nonpermanence of spectral features near 
8 ». A transition toward increasing crystallinity oeeurs on standing and 
is accompanied by the sequence of spectral changes D, EF, and F of Fig. 2. In one 
hour the amorphous III features are replaced by ‘‘ pseudo I’’ features; and a 
few minutes in an oven at 100° C. practically duplicates in eurve F the pure 
isomer I spectrum (eurve G) near 8 ». An analyst would report high isomer | 
contents from these spectra. Proof that isomer I is absent was evident in the 
typical behavior as type III isomer on chromatographing a portion of th 
24 hour spot by the Chu-Green method.* That no compositional change had 
occurred was also shown by immediate return to the amorphous IIT speetrum 
when any older spot was redissolved in chloroform and freshly redeposited 
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Spectra of mixtures relatively rich in isomer IIL also change, gradually 
taking on the appearance of higher isomer I content. Moreover, the lower the 
isomer IIT content, the greater is the spectral permanence, and, incidentally, 
the more granular is the spot. This suggests that spots of mixtures are initially 
amorphous roughly in proportion to the isomer IIL content; it is largely this 
amorphous :erystalline ratio whieh is being measured. 

Another result of amorphism as a spectroseopie variable is a high degree 
of inconsisteney in calibration data. Identical samples leave deposits from 
solutions with different degrees of crystallinity on different occasions, and 
the resulting spectra look different, although the compositions are the same. 
This has happened erratically with repeat runs on the same mixtures. Results 
such as these contribute most to the seatter of ealibration points in Fig. 4. 
in earlier work with spots on silver chloride the seatter in repeat calibrations 
occasionally amounted to compositional differences of nearly 25 per cent but 
closer reproducibility has been obtained in later work with potassium bromide 
pellets. Typieal analytie results are given in Table I for a set of prepared 
mixtures submitted as unknowns. 


TABLE I. ANALYTIC RESULTS ON PREPARED COPROPORPHYRIN MIXTURES 

~% III ABSORBANCE % III 

SAMPLE PREPARED RUN FUNCTION FOUND 
| 65 a 0.019 60 
b 0.004 55) 
2 10 a 0.176 15 
b 0.176 15 
3 10 a 0.053 45 
b 0.064 12 
4 90 a 0.184 88 
h 0.121 78 
5 °0 a —0.129 37 
b —0.123 28 


In most of the work a 20 to 30 minute period between spot deposition and 
spectral measurement was adhered to, since experiments in which the same spot 
was rerun 10, 20, 40, and 60 minutes after deposition, showed negligible spectral 
Iteration during the first 40 minutes. In later work with potassium bromide 
pellets spectral measurements were repeated every half hour up to 3 hours and 
showed a non-diminishing progression of changes in the “pseudo I” direction. 
(herefore the method which has been followed, of running spectra before the 
mset of change, is undoubtedly best. 


SUMMARY AND CONCLUSIONS 

The spectral region 8 to 8.5 » in the coproporphyrin methyl esters shows 
haracteristic changes with I/III isomer content, but the accuracy of +10 per 
ent for a simple binary determination is less than desirable. The chief difficulty 
tems from the use of solid samples deposited from solution, a process which 
itroduces a erystallinity : amorphous variable to which these absorption bands 
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are sensitive and which defies precise experimental control. Application of the 
infrared method requires 20 meg. or more of sample of sufficient purity to be 
free from other absorption in the spectral region. Low precision, large sample 
requirement, and particularly the necessity of a high degree of preliminary 
purification greatly restrict application of the method. By contrast, fluores- 
cence quenching analysis® has a reported accuracy of 3 per cent; both 
fluorescence and chromatographic techniques require only a few micrograms of 
sample. Infrared analysis may be useful as an independent, confirmatory 
check on other determinations and undoubtedly is valuable for characterization 
of nearly pure coproporphyrin fractions which have been isolated in large 
quantity. 

We are indebted to Mrs. V. H. Swensen for chromatographic purification of 


isomers I and III and for preparation of known I/III mixtures. 
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A MICROMETHOD FOR THE DETERMINATION OF PROTHROMBIN 
ACTIVITY 
GEORGE E. Putuuips, Pa.D., Hucn F. Luppeckr, M.D., JANET SPALDING 
3REUCHAUD, A.B., AND JANE G. LENAHAN, A.B. 
Morris Puarns, N. J. 


A micromethod for the prothrombin assay of capillary blood of patients 
from whom venous blood cannot be obtained is described. The blood is drawn, 
immediately mixed with a solution of fibrinogen which contains an optimum 
amount of anticoagulant, and the assay is carricd out. The method requires 
the use of standard equipment, and gives an excellent correlation with an ac- 
cepted method. 


IIE routine control of anticoagulant therapy has been done for a number 

of vears utilizing the one stage prothrombin determination of Quick’ or the 
Link-Shapiro modification.2 Ilowever, oceasions arise in which it is virtually 
impossible to obtain a elean venipuncture and draw the required amount of 
blood before the initial stages of blood clotting have proceeded to a point which 
will affect the prothrombin assay. This is particularly true of infants, very 
obese persons, and patients who have been under anticoagulant therapy for 
extended periods of time. In such cases there is a definite need for a routine 
mieromethod for prothrombin determinations which will give results that can 
be correlated with the regular method. A number of such modifications have 
heen proposed in the last few years. Ulin and Gollub* deseribed a method which 
was earried out on a watch glass at room temperature. Stein* proposed a test 
with whole capillary blood. A method for the estimation of prothrombin ae- 
tivity reported by Manchester and Rabkin® was performed on a glass slide. 
Fresh and eco-workers® used a modified micromethod in which they diluted whole 
blood with a buffered anticoagulant. They coneluded that the blood cells did 
not interfere with the accuracy of the determination. The satisfactory use of 
whole blood for the determination of prothrombin activity in a micromethod 
has been previously reported by Quick.’ In order to eliminate possible objec- 
tions to the use of whole blood in the assay of prothrombin activity, some in- 
vestigators have devised methods of separating plasma from small amounts of 
whole blood. Sanduzzi® deseribed a method whereby she obtained plasma from 
0.2 ml. of whole blood, and Ashley® outlined methods of obtaining plasma from 
children for coagulation studies. 

Some of the methods reported require the use of special glassware or equip- 
ment which is not readily available, and other methods do not regulate the 
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temperature of the reaction. It was the purpose of this study to obtain a 
method for the determination of prothrombin activity in small amounts of blood 
which utilizes the same equipment as that required in the usual one stage method. 


MATERIALS AND METILOD 


Materials used were: pipettes graduated to contain 0.05 ml.; micro pipettes, certified, 


graduated to contain 0.10 and 0.20 ml.; Pyrex test tubes with rim, 10 by 7> mm. Fibrinogen 


oxalate solution: A solution of fibrinogen which contained 300 mg. per 100 ml. coagulable 
protein in 0.02M sodium oxalate. (Fibrinogen from Warner-Chileott Laboratories recon 
stituted with 0.02M sodium oxalate was found satisfactory for this purpose. Thrombo 
plastin-calecium chloride: \ standardized thromboplastin suspension in 0.0125M_ caleium 
chloride. Simplastin was used in these tests. 
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Fig. 1.—The effect of temperature upon the one stage prothrombin assay. 


One stage prothrombin determination set-up: A water bath maintained at a tempera 
ture of 37.5° C. and a timer operated by a foot treadle were used. 

A clean puncture was made in the finger (the ear lobe and heel were also used) with a 
sterile disposable lancet. The first drop of blood was wiped away and exactly 0.05 ml. of 
blood was drawn into a pipette and immediately blown into a small test tube which contained 
0.05 ml. of oxalated fibrinogen solution. The solution served both as an anticoagulant and 
as a source of additional fibrin which made the clot more readily detectable. The mixture of 
blood and fibrinogen was drawn into the pipette and expelled; this process was repeated 
several times to ensure proper mixing and removal of the blood which adhered to the inner 


wall of the pipette. The tube was placed in the water bath at 37.5° C. As soon as the prope! 














Volume 5+ MICROMETHOD FOR PROTHROMBIN ASSAY 66] 


temperature was reached, exactly 0.20 ml. of thromboplastin-calcium chloride mixture was 


blown in, and the prothrombin activity was determined in the usual manner. 


Determinations of prothrombin times by the micromethod were carried out at Morris- 
town Memorial Hospital on blood from patients who were receiving anticoagulant therapy. 
At the same time that the capillary blood was drawn, venous blood was taken, and the pro 
thrombin determination was done in the usual manner.: 

In order to establish the effect of temperature, prothrombin determinations were carried 
out by the one stage method at various temperatures. The prothrombin activity of normal 


plasma at different temperatures was plotted (Fig. 1 


RESULTS 
Kig. 2 shows the values of 306 prothrombin times obtained by the regular 
one stage method compared with those obtained by the miero-whole blood 


method. 
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Fig. 2 \ comparison of the micro—-whole blood prothrombin times with the one stage method. 


The data obtained were subjected to statistical analysis by Neil R. Stasilli 
of the Warner-Lambert Research Institute. The prothrombin determinations 
performed by the regular one stage method were grouped aceording to time in 
seconds and the means and standard errors of the corresponding groups of times 
for the miero-whole blood method were ealeulated. The results are shown in 
Table I. Exeept for one standard error of + 8 seconds (where the number of 
tests compared was 2), the remaining 28 groups gave errors of + 2.9 seconds or 
less. It was concluded that there was a highly significant correlation between 
the two methods. 

When the 29 group means (Y) of the times of the micro—whole blood method 
were plotted against the corresponding times obtained by the regular method 
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TABLE I. MEANS AND STANDARD ERRORS OF MiICRO-WHOLE BLOOD PROTHROMBIN TIMES 
COMPARED WITH TIMES OF ONE STAGE PLASMA METHOD 


NO. OF MICRO—W HOLS NO. OF 
DETERMINA PLASMA BLOOD DETERMINA PLASMA MICRO—WHOLI 
TIONS METHOD METHOD TIONS METHOD BLOOD METHOD 
i 1d 16.7 + 0.8" 16 31 w2.4 £18 
4 16 20.3 +0.9 19 39 54.1+ 1.0 
6 l7 19.8 + 0.6 10 33 04.2 + 0.9 
14 1S 22.9 + 0.5 1] 34 53.3 + 1.1 
1] 19 23.6+ 0.4 s 35 50.8 + 1.6 
? 20 26.4 + 1.0 7 36 60.4 + 2.5 
3 21 28.3 + 2.9 6 37 62.0 + 2. 
17 22 32.2 + 0.7 5 38 ov. 4 14 
13 23 35.7 + 0.8 5 39 63.6 + 1.7 
19 24 36.7 + 0.9 i 1) 63.8 + 2.1 
14 25 37.4 + 1.4 e $1 64.5 + 1.6 
20 26 39.7 £1.) l 12 74.0 
16 27 $1.1+0.9 3 13 74.0 + 2.3 
25 28 13.6+ 1.0 2 1 S1.0+8.0 
16 29 16.9 + 1.1 ] 15 78.0 
17 30 19.7+0.8 
All times in seconds 
a [a 
a dicactn VN (ND 


(X) on linear coordinate paper, Y appeared as a linear function of X. Ae 
cordingly, a straight line was fitted to the weighted data by the method of least 
squares. The formula for the best fitting straight line was ealeulated to be as 
follows: Y 2.1 X 14.9 

A comparison of results of the two methods and the daily anticoagulant 
dosage of typical eases is shown in Fig. 3. 

DISCUSSION 

It is not our intention to present a replacement of the standard one stage 
prothrombin determination. The control of anticoagulant therapy must be done 
by competent workers in laboratories with proper equipment. As our study of 
the effeet of the variation of temperature shows, a method which is earried out 
at ‘‘room temperature’? must be subjeet to elaborate control or potentially 
dangerous results might be obtained. It was our experience that it was neces- 
sary to dilute small volumes of blood in some manner so that the reaction with 
thromboplastin and ealecium ions could be carried out eonveniently. If this 
dilution was not made with a solution which contained fibrinogen, we found our 
correlation between the two tests to be unreliable. It should be emphasized that 
the fibrinogen which is used should be free from citrate ions in order to main 
tain the proper concentration of caleium ions. If the fibrinogen does contain 
citrate and additional calcium salts are added to compensate for the citrate, the 
inereased ionie strength may affect the prothrombin time.’® For this reason it 
would be necessary to dialyze citrate salts which contain fibrinogen against 
0.85 per cent sodium chloride solution until the fibrinogen solution is free of 
citrate ions. 

When the test is carried out under proper conditions, it is satisfactory for 
use in the control of anticoagulant therapy in those eases in which it is impossible 
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Fig. 3 \ comparison of daily prothrombin times obtained by the use 


of the micro—whole 
method and the one stage method 


blood 


to obtain venous blood. However, it is necessary for the workers in each labora 
tory who use the test to obtain their own correlation between the miero—whole 


blood method and the one they are presently using. 


SUMMARY 


A laboratory method for prothrombin assay of patients from which venous 
blood cannot be obtained is deseribed. It is carried out with capillary whole 
ood and the standard equipment used in the one stage prothrombin tests. 


‘ellent correlation with an accepted method was obtained. 


Ex 
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